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Preface
This book is the product of World Forests, Society and Environment (WFSE), a Special Project of 
the International Union of Forest Research Organisa-
tion (IUFRO). WFSE is a global, open, non-profit 
network of scientists and experts steered by ten in-
ternational research organisations and coordinated 
by the Finnish Forest Research Institute (METLA). 
The network focuses on the forest, society, and envi-
ronment interface. On the basis of existing scientific 
knowledge, it looks for innovative solutions to sup-
port and advance the formulation and implementa-
tion of forest-related policies that promote sustain-
able development and well-being.
This book is the second volume published by 
WFSE in the IUFRO World Series. The first one,  For-
ests in the Global Balance: Changing Paradigms, was 
launched five years ago (August 2005) in the XXII 
IUFRO World Congress in Brisbane, Australia.
The present book, Forests and Society – Re-
sponding to Global Drivers of Change, will be 
launched in the XXIII IUFRO World Congress in 
Seoul, Republic of Korea, August 2010.
In addition, the project has published three re-
gional policy briefs in the last four years:
◆ Making European Forests Work for People and 
Nature (2007)
◆ Making Latin American Forests Work for People 
and Nature (2008)
◆ Making Sub-Saharan African Forests Work for 
People and Nature (2009)
A new policy brief volume will be published in the 
second half of 2010: Making Asian Forests Work for 
People and Nature.
In 2007, the Steering Committee of WFSE iden-
tified globally relevant forestry-related topics to be 
addressed by the project. The essential idea for this 
book originated from an acknowledgement of the 
changing social and natural circumstances, and the 
related drivers of change affecting forests, forestry, 
human society, and the environment, globally and lo-
cally. We are convinced that forests and forest-related 
matters can no longer be addressed in isolation from 
the surrounding society and natural environment; in-
stead, these need to be seen as an integral part of 
interrelated social and natural systems.
The Steering Committee of WFSE, also at the 
2007 Annual Meeting, nominated the editors and 
identified recognised scientists who were invited 
to become Convening Lead Authors (CLAs) of the 
chapters that addressed the selected themes of the 
book. They invited Lead and Contributing Authors 
(LAs and CAs, respectively) in order to form collabo-
rative research teams for conducting critical analyses 
in each of the themes. The work was based on the 
cooperation of the author teams for each chapter, as 
well as between these teams across the whole book. 
CLAs and LAs were also responsible for composing 
the manuscript for their chapter and for its timely 
submission to the editors.
Two editorial workshops were organised for 
facilitating the discussions of editors and CLAs to 
collectively debate on the contents of the chapters 
and on the main focus of the publication. The first 
workshop was arranged in September 2008 in Hel-
sinki, Finland; the second one was held in Ham-
burg, Germany, in 2009. In addition, editors had two 
meetings for polishing the publication: the first one 
arranged in Buenos Aires in October 2009, and the 
second one in Rome in January 2010. All chapters 
were evaluated firstly by the editors – on two oc-
casions – and finally in a peer reviewing process 
conducted by anonymous external reviewers.
As editors of this book, we would like to express 
our satisfaction on the successful completion of this 
exciting experience, which we feel provides a set of 
interesting research findings on the topics studied. 
We sincerely hope that this publication will contrib-
ute to discussions and further research related to the 
drivers of change, and the threats and challenges that 
forests, forestry, and forest-dependent people are fac-
ing today and in the future. We also hope that it will 
foster attention to taking advantage of the possible 
new opportunities the changes may bring about.
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Research 
CIRAD Centre de Coopération Inter-
nationale en Recherche Agronomique 
pour le Développement
COP Conference of Parties
CR Corporate Responsibility 
CSR Corporate Social Responsibility 
DBH Diameter at Breast Height
DSS Decision Support Systems 
EBM Ecosystem-Based Management
EFI European Forest Institute
ENGO Environmental Non-Governmental 
Organization
EU European Union
EUR Euro
FAO  Food and Agricultural Organization 
of the United Nations
FLEGT Forest Law Enforcement, Governance 
and Trade 
FSC Forest Stewardship Council
GCM General Circulation Model
GDP Gross Domestic Production 
GEF Global Environment Facility
GHG Greenhouse Gas 
GIS Geographic Information System
GMO Genetically Modified Organism
ICRAF World Agroforestry Centre 
ICT Information and Communication 
Technologies
IMF International Monetary Fund
INIFAP National Institute for Agricultural, 
Livestock and Forestry Research of 
Mexico
IPCC Intergovernmental Panel on Climate 
Change
ITTO International Tropical Timber Organi-
zation 
IUCN International Union for Conservation 
of Nature
IUFRO International Union of Forest 
Research Organizations
MAI Mean Annual Increment
MCPFE Ministerial Conference on the Pro-
tection of Forests in Europe 
MDGs Millennium Development Goals
MEA Millennium Ecosystem Assessment
METLA Finnish Forest Research Institute
NGO Non-Governmental Organization 
NRC Natural Resources Canada
NTFP Non-Timber Forest Product 
NWFP Non-Wood Forest Product 
PEFC Programme for the Endorsement of 
Forest Certification 
PES  Payment for Environmental Services
R&D Research and Development
REDD Reducing Emissions from Deforesta-
tion and Forest Degradation 
SF Sustainable Forest
SFM Sustainable Forest Management 
SME Small and Medium Sized Enterprise
UN United Nations 
UNCED United Nations Conference on 
Environment and Development 
UNDP United Nations Development 
Programme
UNECE   United Nations Economic Commis-
sion for Europe 
UNESCO  United Nations Educational,  
Scientific, and Cultural Organization 
UNFCCC United Nations Framework  
Convention on Climate Change 
UNFF United Nations Forum on Forests 
UNU United Nations University
US United States
USA United States of America
USD United States Dollar
vTI John Heinrich von Thünen Institut
WFSE World Forests, Society and Environ-
ment
WTO World Trade Organization
WWF World Wildlife Fund
Abbreviations and Acronyms
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1.1 The Rationale of the Book
This new book produced by the International Union 
of Forest Research Organizations (IUFRO) Special 
Project on World Forests, Society and Environment 
(WFSE) is the result of a collaborative effort involv-
ing researchers in multiple disciplines from through-
out the world. The publication was conceived as a 
forum to analyse the challenges, threats, and oppor-
tunities facing the forest sector due to the profound 
changes that our planet and contemporary society are 
experiencing. The unprecedented pressures produced 
by these changes – many of which are global in na-
ture, such as climate change, the growing demands 
of human society on natural resources, and increas-
ing deforestation – often place the very survival of 
numerous ecosystems at risk, threatening their resil-
ience, and seriously affecting the biodiversity of the 
planet and the well-being of society.
This book follows our previous publication, For-
ests in the Global Balance: Changing Paradigms 
(Mery et al. 2005), and uses a similar research ap-
proach in which the analyses evolve in broad global 
or regional levels, and the phenomena studied are 
intended to describe problems and challenges in a 
comprehensive manner. Our aim has been to avoid an 
analysis of the forest sector in isolation. We wanted to 
consider the pressures and synergies on forests pre-
sented by other socio-economic sectors, particularly 
those that have a clear impact on forests and forestry, 
such as wood-based industries, agriculture, energy, 
infrastructure, and the complex array of pressures 
from a growing human population and the resultant 
high demands for forest products and services. We 
wanted to apply an interdisciplinary approach to the 
topics studied.
Our primary interest was to identify the main 
drivers of change and their direct or indirect re-
percussions on forests and forestry, to propose ways 
to reduce the adverse effects posed by these drivers, 
and to identify the benefits or opportunities these 
drivers of change may bring. We have included a 
number of case studies that serve to illustrate how 
society and institutions are striving to respond to the 
aforementioned drivers of change, at different scales, 
and in diverse parts of the world.
A key aspect in this publication was to investigate 
whether the foremost paradigm that has governed 
forestry during the last two decades, namely sustain-
able forest management (SFM), is really working in 
practice for people and nature. We acknowledge the 
strategic impetus provided by SFM in the sustained 
production of goods and services, and in the mainten-
ance of future options related to forests, without dam-
aging other ecosystems. However, the rampant rate of 
deforestation and forest degradation that still exists, 
the continuity of the serious problems affecting our 
planet’s biodiversity, and the persistence of poverty 
in areas where forest resources play an important 
role in socio-economic development, has led us to 
think that the ultimate solution to these problems 
must be found not only by considering forests and 
forestry activities, but also in looking beyond the 
forest sector.
Therefore, our a priori consideration was the 
urgent need to broaden the concept of SFM through 
a more integrated notion of social and natural re-
source management, including the management of 
land, water, and other natural resources along with 
the forests. On that basis, we may find a proper bal-
ance – at the broadest landscape level – that enables 
us not only to use these natural resources, but also 
to effectively conserve them for the benefit of future 
generations.
Special emphasis was placed on analysing poli-
cies and institutional arrangements being pursued 
to address new challenges, and how global and re-
gional policy goals translate into tangible progress 
in sustainable forest management at the local level. 
Drawing on experience to date, and on the perceived 
growing complexity of the forestry sector, policy and 
institutional arrangements are proposed, as well as 
conclusions about the profile of new professionals 
needed to meet crucial challenges affecting forests, 
society, and the environment.
Consistent with the analysis and assumptions 
outlined above, this book, Forests and Society – Re-
sponding to Global Drivers of Change, offers readers 
24 chapters grouped into six parts. This first part 
is introductory, explains the purpose of the book, 
and describes a brief introduction for each chap-
ter. The second part, in six chapters, analyses the 
1 Forests in a Changing World
Gerardo Mery and René I. Alfaro
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global environmental changes affecting the world’s 
forests. The third part, also with six chapters, deals 
with issues relating to global socio-economic chan-
ges affecting forests. The fourth part presents eight 
regional or local examples of forest-related challen-
ges and opportunities in the changing world. The fifth 
part, in two chapters, deals with forest management 
options, policies, and institutional arrangements the 
authors believe are needed to address new challen-
ges, and present the main findings, highlighting the 
challenges and opportunities found within the book, 
and propose strategies to promote a better future for 
people and forests. In the sixth part, the final chapter 
of the book, the reader will find in-depth analyses 
of the challenges and opportunities faced by forests 
and forestry in a changing world. Beginning with 
Part 2, Chapter 2, the individual chapters are briefly 
described below.
1.2 Brief Introduction to 
the Chapters
Chapter 2 is Forests and Adaptation to Climate 
Change: Challenges and Opportunities. In this chap-
ter, the authors explain why and how forests and 
forest-dependent societies are likely to be affected 
by climate change and its associated environmental 
and socio-economic disturbances. The chapter pro-
vides an overview of climate change as a driver of 
change in forests, the challenges and opportunities 
of adapting forests and forest-dependent people to 
climate change, and the use of forests in adaptation 
practices, as well as associated policy issues.
In Chapter 3, Harnessing Forests for Climate 
Change Mitigation through REDD+, the authors 
point out that deforestation, forest degradation, and 
land-use changes are major sources of carbon emis-
sions. The urgent need to reduce carbon emissions 
has led to the development of mechanisms, such as 
REDD+, that may provide an attractive option to 
enable developed countries to partially achieve their 
reduction targets through investment in developing 
countries. Such mechanisms may also provide less 
developed countries with a source of financing for 
sustainable forest management to support rural de-
velopment plans and poverty reduction strategies. 
The implementation of these new mechanisms will 
demand the active participation of local communi-
ties, enabling them to benefit from emerging carbon 
markets and opportunities generated by the renewal 
of governmental institutions, and the formulation and 
application of new policies and regulations.
Chapter 4, Air Pollution Impacts on Forests in 
a Changing Climate, is also concerned with climate 
change issues. The authors point out that awareness 
of air pollution effects on forests from the early 1980s 
led to intensive research, monitoring, and public 
awareness, particularly in developed countries. The 
first indications of a recovery of forest soil and tree 
conditions – which may be attributed to improved 
air quality – have been identified. However, the in-
tegrative effects of air pollution and climatic change 
(particularly elevated O
3
) altered nutrient cycling and 
availability, temperature, water availability, and el-
Photo 1. This book was developed by 160 authors from all around the world through a collaborative and 
open process. The photo shows the participants to the Editorial Workshop organised on the premises of 
von Thünen Institut in Hamburg, Germany, in June 2009.
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evated CO
2
, will be key issues for research, including 
into interactions of these effects and the development 
of ecosystem models integrating multiple effects.
In Chapter 5, Forest Cover in Global Water Gov-
ernance, the authors stress the importance of water 
as a key resource for growing human populations 
and for sustaining increased production of food and 
energy under threat from climate change. The central 
role of forests in water cycling and for protecting 
water quality is also emphasised. The development 
of a common understanding of the role of forest man-
agement in water governance, and a readiness for 
diverse future scenarios in a global change perspec-
tive are key objectives. Major conclusions include 
emphasis on preparedness for solutions where forest 
management is part of water governance to meet 
the needs of different land users. The importance of 
transparency and local involvement of stakeholders 
is also discussed.
Chapter 6, Forest Biodiversity and Ecosystem 
Services: Drivers of Change, Responses, and Chal-
lenges, describes four relevant anthropogenic driv-
ers of change in biodiversity, namely conversion of 
forests into agricultural lands, over-exploitation of 
forests, air pollution leading to climate change and 
acid rain, and invasive species. The authors recom-
mend a proactive approach to forest conservation, 
combining aspects of willingness to conserve with 
willingness to pay for further conservation; removal 
of administrative barriers to sustainable forest man-
agement and protection; landscape management; 
inter-sectoral coordination between international, 
national, and local policies; increased communica-
tion among stakeholders; and more research on the 
interactions between biodiversity and ecosystem 
services.
In Chapter 7, Forest Health in a Changing Envi-
ronment, the authors emphasise that climate change 
will have profound effects on future forest distribu-
tion and composition, as well as on the organisms 
living in forests. It describes how climate change 
models anticipate that trees will become more sus-
ceptible to insects and diseases as these organisms 
sustain alterations in their lifecycles, increase their 
host ranges and virulence, and become important 
drivers of change in forest ecosystems. Accelerated 
global trade will foster the likelihood of introduction 
of new pathogens as well as plants and animals alien 
to native ecosystems. Measures for increasing forest 
resistance to climate-induced forest health decline 
and the role of pest management as a mitigating tool 
for climate change on forests are presented.
Chapter 8, Changes in Global Markets for Forest 
Products and Timberlands, presents a brief review of 
the major global trends in the trade of forest products, 
followed by an analysis of foreign direct investment 
in forest industries, and the growth of timberland 
investments. The driving forces of changes are identi-
fied and investigated. The reallocation of the forest 
industry’s production capacity in developing coun-
tries is analysed. The authors also discuss the chang-
ing face of forestry and the global markets for wood 
products, coupled with timberland investment as a 
form of joint response to changing economies, mar-
kets, land values, technologies, and public policies. 
The greater environmental awareness of consumers 
is also considered.
Chapter 9, Implications of Technological De-
velopment (TD) to Forestry, observes that TD often 
creates new opportunities and structures that make 
obsolete and commonly destroy the old technolo-
gies. Technological development has rarely been the 
focus of forest research, despite its large impact on 
different fields of forest sciences and forestry. The 
impacts of technological change on the forest sector 
are analysed by focusing on three technologies: in-
formation and communication technologies, biotech-
nology applications in forestry, and laser technology 
applications to forest inventories and monitoring. 
The implications and opportunities created by these 
three technologies are analysed, as well as the chal-
lenges that they represent.
Chapter 10, Forests and Bioenergy Production, 
refers to the growing global role of forests as a renew-
able energy source. The authors explain how woody 
biomass is increasingly being used for power, heat, 
and in the derivation of transportation fuels. Forest-
based energy production can reduce the use of fossil 
fuels and the emission of greenhouse gases. How-
ever, the over-utilisation of forest ecosystems can 
jeopardise the sustainable development of forests and 
have negative effects on the people who are depend-
ent on them. Therefore, forest energy policies have to 
be based on the principle of sustainable development, 
ensuring both socio-economic and environmental vi-
ability of this use of the resource.
Chapter 11, Forestry in Changing Social Land-
scapes, describes how current rapid changes tend 
to push social and ecological systems toward un-
sustainable conditions. The challenge is to maintain 
the balance between these systems and, simultane-
ously, secure ecological resilience while avoiding 
social disruption and insecurity. Global population 
growth, its concentration in urban centres, as well 
as changing consumption habits, will impact global 
land use, including forests. Perceptions and attitudes, 
and inherent cultures of societies, determine the level 
of public support and success of forestry, the imple-
mentation of sustainable management, and effective 
conservation measures.
Chapter 12, Forests, Human Health and Well-
being in Light of Climate Change and Urbanisation, 
begins with the recognition that forests provide a 
wide range of ecosystem goods and services ben-
eficial (and in many cases, absolutely required) for 
human life in both urban and rural areas. In addition, 
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forests are important arenas for recreation, aesthetic 
appreciation, and stress relief, and for some cultures, 
even spiritual renewal. However, many of these posi-
tive effects of forests on human health and well-being 
may be threatened as a result of climate change. In-
creased pressure on urban forests and their capacity 
to provide ecosystem services, reduced availability 
and quality of recreational areas, and higher risk of 
exposure to vector-borne diseases are some of the 
adverse effects discussed.
Chapter 13, Extra-Sectoral Drivers of Forest 
Change, discusses the importance of drivers that 
are external to the forest sector in shaping forests 
and forestry. These driving forces originate beyond 
forestry, and often affect forests and their social, eco-
nomic, and ecological functions. The authors explain 
that these drivers of change have frequently contrib-
uted to extra-sectoral influences that eclipse secto-
ral developments as key drivers of forest landscape 
transformation. A brief overview of extra-sectoral 
pressures on forests, and the effects these have had 
on forest-dependent communities, is given.
Chapter 14, Sustainability of Boreal Forests and 
Forestry in a Changing Environment, explains that 
this extensive biome, which is undergoing changes 
such as thawing of permafrost and increased levels of 
natural and anthropogenic disturbance, may produce 
net releases of CO
2
 and methane, while forest cover 
with greater biomass can be expected to expand onto 
the arctic tundra. Human use in some parts of north-
ern forests is becoming more centralised and indus-
trialised. The ecosystems and people of the world’s 
boreal forests are vulnerable to impending climatic 
and socio-economic changes. Despite these changes, 
the boreal zone will continue to present opportunities 
to undertake landscape management over large areas 
dominated by natural forests to conserve biodiversity, 
establish and sustain economically viable enterprises 
and enhance development opportunities for northern 
communities.
Chapter 15, Amazon Forests at the Crossroads: 
Pressures, Responses, and Challenges, describes 
some of the current key social, occupational, and 
political dynamics in the region, and reviews the 
prime threats affecting Amazonian forests and rural 
livelihoods. Among these are cattle-ranching, soy-
beans production, logging, infrastructure expansion, 
and the oil and gas industry. Also, a review of several 
recent responses to these threats is discussed, includ-
ing progress in retooling institutions: for example, 
land tenure reform, decentralised government and 
deregulation, and incentives to support sustainable 
forest use and the newly emerging REDD initia-
tives.
Chapter 16, Opportunities and Challenges for 
Community Forestry: Lessons from Tropical Ameri-
ca, focuses on the actual contribution of forests and 
trees to rural livelihoods concentrating on evidence 
that provides a more precise identification of the 
real potential of communal forestry to contribute to 
rural development. The authors review some of the 
challenges faced by community forestry develop-
ment initiatives, and critically reflect on the need 
for actions to favour community forestry enterprise 
development and their integration into forest prod-
ucts value chains. These measures are seen necessary 
to enhance the generation of profits and to better 
prepare community-based enterprises to deal with 
complex policies and regulations. Finally, the po-
tentials, limitations, and challenges of community 
and smallholder forestry are discussed.
Emerging Local Economic and Social Dynamics 
Shaping East African Forest Landscapes is the sub-
ject of Chapter 17. It focuses on three East African 
countries: Kenya, Tanzania, and Uganda. Climate 
change is a future threat in the region, accentuated by 
the heavy dependency of local communities on forest 
resources for income and fuelwood. Conversion of 
forest land to agriculture is another key challenge. 
Among the major drivers of deforestation is the fail-
ure to implement policies and regulations meant to 
control the use of forest resources. New initiatives 
have been undertaken to help resolve these challeng-
es, including decentralisation, increasing participa-
tion of communities in the management of forests, 
expanding the role of the private sector, and local 
communities in forest plantation development.
In Chapter 18, Secondary Forests in West Africa: 
A Challenge and Opportunity for Management, the 
authors point out that secondary forests constitute 
about 90% of West African forests. These forests 
are often degraded and continue to suffer diverse 
pressures and disturbances. Viable options for the 
sustainable use of these forests must be developed. 
A broad dissemination and application of rehabilita-
tion concepts based on ecological processes – such 
as succession – must be undertaken. Applicable sil-
vicultural management systems, including enrich-
ment planting, refining, and liberation to gradually 
re-convert degraded forests into valuable timber 
resources, must be explored and applied with local 
participation. Agroforestry and utilisation of non-
wood forest products also offer good possibilities 
for management, economic improvement of impov-
erished resources and food security, contributing 
to the stabilisation of livelihood strategies of rural 
populations.
Chapter 19, Promoting Sustainable Forest 
Management Through Community Forestry in the 
Philippines, explains that participation and equity 
are core values of “community forestry or partici-
patory forestry.” The Philippines is one of the pio-
neers in Asia in the adoption of community-based 
forest management strategies, having three decades 
of experience in promoting sustainable forest man-
agement (SFM) through the participation of local 
1 FORESTS IN A CHANGING WORLD
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communities. The potential and current limitations of 
this national strategy are explored, and the rationale, 
history, objectives, and analyses of the factors behind 
its development are explained. Different approaches 
to community forestry, accomplishments, and out-
comes are discussed; the enabling and reinforcing 
mechanisms are analysed, along with the issues and 
challenges facing the implementation of SFM. Fi-
nally, a synopsis of conclusions and lessons learned 
is presented.
Chapter 20, Genetic Resources and Conser-
vation of Mahogany in Mesoamerica, reviews the 
current knowledge on the genetic variation of ma-
hogany (Swietenia spp.) and discusses the impor-
tance of provenance variability, seed transfer and 
sourcing recommendations. Further, the authors 
explore management strategies for mahogany, and 
provide guidelines for conversing genetic diversity in 
different forest landscapes. They conclude that con-
servation and sustainable management of mahogany 
genetic resources are not simple tasks, requiring local 
community involvement to prevent illegal logging. 
Community efforts must be compensated to ensure 
mutual benefit. Landscape level strategies for the 
effective management of mahogany trees outside of 
forests, for example in agroforestry practices, are ur-
gently needed. An international consensus is needed 
for phytosanitary procedures.
Chapter 21, Sustainability of Wood Supply: Risk 
Analysis for a Pulp Mill in Guangxi, China, focuses 
on the experiences of Stora Enso Corporation in es-
tablishing eucalypt plantations for supplying a large 
pulp mill in southern China with an annual produc-
tion capacity of 1 million tonnes. The evaluation of 
the project concluded that it would be profitable, 
and environmentally and socially sustainable. Wood 
supply was assessed to be sufficient for the plant, a 
conclusion based on simple estimates of mean annual 
increment and areas of plantation available without 
fully taking into account many high-risk factors. 
The paper illustrates the need for many new fast-
growing eucalypt plantations to ensure long-term 
sustainability of wood supply. National macro-eco-
nomic planning; a consistent policy and management 
framework; and systematic and focused approaches 
emanating from the government and the private sec-
tor are needed, including clear policies of corporate 
responsibility.
Chapter 22, Managing Forested Landscapes for 
Socio-Ecological Resilience, puts forward new ap-
proaches for managing forests for wood and other 
ecosystem goods and services. Case studies are used 
to illustrate recent advances in forest management 
in response to local impacts brought on by global 
change that address current challenges and ele-
ments of an emerging management paradigm based 
on ecological and socio-economic systems. Such a 
framework recognises the complexity of systems, 
their hierarchical structures, their interactions, and 
their capacity for self-organisation. Learning how to 
facilitate the ability of natural forest systems to self-
organise, adapt and evolve, and to guide them towards 
a desired appropriate state is one of the challenges. 
The increasing importance of engagement, capacity 
building, and participation in landscape management 
is recognised as a first step toward maintaining the 
provision of ecosystem goods and services.
Chapter 23, Ability of Institutions to Address 
New Challenges, presents an analytical framework 
for reviewing research findings and analysing the 
most promising institutional settings with which to 
address the drivers of change, to ameliorate problems, 
and to encourage responsible and sustainable forest 
management. Attention is focused on the shift from 
government to governance, political authority, dis-
entangling abstract policy for specific requirements, 
and capacity enhancing knowledge-generating and 
administrative institutions. It reveals that the glo-
bal nature of economic, social, and environmental 
demands on the world’s forests, and complex com-
mercial trade relationships, require an integrative 
analyses of domestic and local responses to assess 
the role of innovative regional and global institutions 
designed to address “good governance.” The authors 
conclude by calling for much greater attention to the 
potential of synergistic institutional intersection to 
respond to new and enduring challenges in ways that 
single institutions are incapable of doing.
Chapter 24, the concluding chapter, is titled 
The Need for New Strategies and Approaches. This 
chapter summarises the main findings of the book, 
highlights challenges and opportunities, and analyses 
and proposes strategies required to promote a more 
promising future for people and forests. A brief al-
lusion is made to the profile of new professionals 
required to meet current challenges affecting forests, 
society, and the environment. The key messages of 
the book are presented in a concise fashion in the 
last section of this chapter.
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2 Forests and Adaptation to Climate 
Change: Challenges and Opportunities
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Contributing authors: Carlos Bahamondez, Trevor Murdock, Geoff Roberts 
and Jaime Webbe
Abstract: Climate change is an important driver of changes in forests. As forests and 
forest-dependent societies are likely to be affected by climate change and its associated 
disturbances, adaptation is needed for reducing the vulnerability of forests to climate 
change. New challenges arise from the need to understand the vulnerability of forests 
and forest-dependent communities to climate change and to facilitate how they adapt 
to the changes. Forests also play a role in how the broader society adapts to climate 
change because forests provide diverse ecosystem services that contribute to human 
well-being and reduce social vulnerability. For this reason, forests should be considered 
in planning the adaptation of the society beyond forests. Ecosystem-based adaptation, 
an emerging approach to dealing forests in a changing climate, offers opportunities for 
forest and forest-dependent communities and supports the conservation or sustainable 
management of forests. This chapter presents an overview of climate change as a driver 
of changes in forests, the challenges and opportunities of adapting forests and the use 
of forests in adaptation practices, as well as the associated policy issues.
Keywords: climate change, adaptation, vulnerability, impacts, adaptive capacity, resilience, 
biodiversity, ecosystem services, ecosystem-based adaptation, adaptation policy
■
GLOBAL ENVIRONMENTAL CHANGES
2.1 Introduction
Since the publication of its first assessment report 
in 1990, the Intergovernmental Panel on Climate 
Change (IPCC) has gathered incontrovertible evi-
dence of human-induced climate change and the 
impacts it will have on ecosystems and on human 
societies (IPCC 2007). For tackling the resulting 
problems, two broad categories of responses have 
been defined: (1) mitigation (reducing the accu-
mulation of greenhouse gases in the atmosphere) 
and, (2) adaptation (reducing the vulnerability of 
societies and ecosystems facing the impacts of cli-
mate change). So far, the prominent international 
responses – the United Nations Framework Conven-
tion on Climate Change and the Kyoto Protocol – 
have focussed on mitigation rather than adaptation. 
However, with some degree of global temperature 
increase now recognised as inevitable, adaptation is 
gaining importance in climate policy arenas at global 
and national levels.
While forests have a place in mitigation science 
and policy, their place in the emerging science of 
adaptation and in new climate-related policies is 
still to be built up. The linkage between forests and 
adaptation is two-fold: first, adaptation is needed for 
forests and forest-dependent people; second, forests 
play a role in adaptation of the broader society. In the 
first instance, because climate change is an important 
driver of changes in forests, new challenges arise 
from the need to understand both how the forests will 
change and what will be the impacts of those changes 
on forest-dependent people. We will need to assess 
the vulnerability of forest-dependent communities to 
the changes in forests, as well as determine success-
ful ways of adapting to those changes (see definitions 
of vulnerability and adaptation in Box 2.1).
In the second instance, because forests provide 
ecosystem services that contribute to human well-
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being and reduce social vulnerability, forests should 
be considered when planning adaptation policies and 
practices in sectors outside of the forest sector. This 
presents new opportunities for the forest sector.
This chapter presents an overview of climate 
change as a driver of changes in forests, the chal-
lenges and opportunities of adapting forests and us-
ing forests for adaptation, as well as the associated 
policy issues.
2.2 Forests are Vulnerable to 
Climate Change
Many forests are likely to be affected this century 
by an unprecedented combination of climate change, 
associated disturbances (e.g., flooding, drought, 
wildfire, insects), and other drivers of change (e.g., 
land use change, pollution, over-exploitation of re-
sources).
According to the IPCC definition of vulnerabil-
ity (see Box 2.1), the potential impacts of climate 
change on forests result from exposure and sensitiv-
According to the IPCC, vulnerability is “the degree 
to which a system is susceptible to, or unable to cope 
with, adverse effects of climate change, including 
climate variability and extremes. Vulnerability is 
a function of the character, magnitude, and rate of 
climate variation to which a system is exposed, its 
sensitivity, and its adaptive capacity” (McCarthy 
et al. 2001). According to the IPCC definition, the 
three components of vulnerability are exposure, 
sensitivity, and adaptive capacity (see definitions in 
the figure, where the signs under the arrows mean 
that high exposure, high sensitivity, and low adap-
tive capacity induce high vulnerability).
Adaptation is defined by the IPCC as “an ad-
justment in natural or human systems in response 
to actual or expected climatic stimuli or their ef-
Figure 2.1 Definitions.
fects, which moderates harm or exploits beneficial 
opportunities.” Various types of adaptation are 
distinguished, such as anticipatory or proactive 
adaptation (“that takes place before impacts of 
climate change are observed”), reactive adaptation 
(“that takes place after impacts of climate change 
have been observed”), autonomous or spontaneous 
adaptation (“that does not constitute a conscious 
response to climatic stimuli but is triggered by eco-
logical changes in natural systems and by market or 
welfare changes in human systems”) and planned 
adaptation (“that is the result of a deliberate policy 
decision, based on an awareness that conditions have 
changed or are about to change and that action is 
required to return to, maintain, or achieve a desired 
state”).
Box 2.1 Adaptation and vulnerability: Definitions
Vulnerability 
”The degree to which a system is susceptible to, or 
unable to cope with adverse effects of climate 
change, including climate variability and extremes” 
Potential impacts PI 
”All impacts that may occur 
given a projected change in 
climate, without considering 
adaptation” 
Adaptive capacity AC 
”The ability to adjust to climate change 
(including climate variability and extremes) 
to moderate potential damages, to take 
advantage of opportunities, or to cope with 
the consequences”
Exposure E 
”The nature and 
degree to which a 
system is exposed to 
significant climatic 
variations”
Sensitivity S 
”The degree to which a system is affected, either 
adversely or beneficially, by climate-related 
stimuli. The effect may be direct (e.g. damages 
caused by an increase in the frequency of coastal 
flooding due to sea level rise”
+ 
+ + 
- 
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ity. Forests are exposed to different factors of climate 
change and variability, as well as other drivers, such 
as changes in land use or pollution, that may ex-
acerbate the impacts of climate change (see Figure 
2.2). Sensitivity refers to the degree to which a forest 
will be affected by a change in climate, either posi-
tively or negatively, such as through changes in tree 
level processes, species distribution, or disturbance 
regimes (see Figure 2.2).
The vulnerability of a forest also depends on its 
adaptive capacity (see definition in Box 2.1). Even 
if the adaptive capacity of forests remains uncertain 
(Julius et al. 2008), many scientists are concerned 
that this innate capacity will not be sufficient to 
enable forests to adapt to unprecedented rates of 
climatic changes (Gitay et al. 2002, Seppälä et al. 
2009). Species can adapt to climate change through 
phenotypic plasticity (commonly termed acclimati-
sation), adaptive evolution, or migration to suitable 
sites (Markham 1996, Bawa and Dayanandan 1998). 
The adaptive capacity of an ecosystem is related to 
the diversity of functional groups within the ecosys-
tem and the diversity of species within groups, the 
most compelling explanation being the redundancy 
provided by multi-species membership in critical 
functional groups (Walker 1992, 1995; Peterson 
et al. 1998; Thompson et al. 2009). Several studies 
suggest that successful adaptation to climate change 
may require migration rates much faster than those 
observed in the past, such as during postglacial times 
(Malcolm et al. 2002, Pearson 2006).
In the following sections, we present some evi-
dence of impacts and vulnerability of forests, ac-
cording to biomes. Various forest classifications have 
been derived to describe the large diversity among 
global forest types. Here we use four forest biomes 
(boreal, temperate, subtropical, and tropical) (see 
FAO 2001 and Map 2.1).
We describe climate change impacts for two clus-
ters of climate scenarios: growth and stable (Fischlin 
et al. 2009). The growth cluster includes scenarios in 
which emissions continue to increase over the course 
of the current century at rates similar to those in the 
second half of the last century (i.e., “business as usu-
al”) due to the absence of stringent climate policy, as 
in, for instance, the IPCC reference scenarios A1FI, 
A1B, and A2. The stable cluster includes scenarios 
in which emissions decline during the course of the 
current century as a result of major socio-economic 
changes that allow atmospheric carbon dioxide (CO
2
) 
concentrations to approach a new equilibrium by the 
year 2100, as in, for instance, the IPCC reference 
scenarios A1T, B2, and B1.
We also describe how the impacts of climate 
change will affect biodiversity. According to the 
IPCC, roughly 20–30% of vascular plants and higher 
animals on the planet are estimated to be at an in-
creasingly high risk of extinction as temperatures 
increase by 2–3°C above pre-industrial levels (Fis-
chlin et al. 2009). Even small changes in climate 
could affect phenological events (such as flowering 
and fruiting) that may escalate into major impacts 
on forest biodiversity. This is because co-evolution 
has produced highly specialised interactions among 
specific plant and animal species in natural forests.
Overall, it is very likely that even modest losses 
in biodiversity would cause consequential changes 
in the ecosystem services that forests provide, such 
as the service of sequestering carbon. Climate feed-
backs from local climate to the global carbon cycle 
may have major implications for the global climate 
and may contribute to an acceleration of climate 
change. Several climate change models project that 
the carbon-regulating services of forests could be 
severely degraded under climate scenarios in the 
growth cluster (Cramer et al. 2004).
Figure 2.2 Components of the exposure and sensitivity of forest ecosystems (after 
Johnston and Williamson 2007).
Exposure Sensitivity
Climate change and variability 
Increase in temperature 
Changes in precipitation 
Changes in seasonal patterns 
Hurricanes and storms 
Increase in CO2 levels 
Sea level rise 
Other drivers 
Land use change 
Landscape fragmentation 
Resource exploitation 
Pollution
Changes in tree level processes 
e.g. productivity 
Changes in species distribution 
Changes in site conditions 
e.g. soil condition 
Changes in stand structure 
e.g. density, height 
Changes in disturbance regimes 
e.g. fires, pests and diseases 
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2.2.1 Tropical Forests
Impacts of climate variability and change have al-
ready been observed in tropical forests, for instance, 
on ecosystem structure and functioning, and carbon 
cycling (Root et al. 2003, Fearnside 2004, Malhi 
and Phillips 2004). Studies of changes in tropical 
forest regions since the last glacial maximum show 
the sensitivity of species composition and ecology 
to climate changes (Hughen et al. 2004). Climate 
variability and associated events, such as the El Niño 
Southern Oscillation, have caused drought and in-
creased the frequency of fire in humid tropical forests 
in Indonesia and Brazil (Barlow and Peres 2004, 
Murdiyarso and Lebel 2007). Some species extinc-
tions linked to climate change have already been 
reported for tropical forests. For example, Pounds 
et al. (1999, 2006) reported that climate change and 
a fungal pathogen were important causes of recent 
extinctions of the golden toad (Bufo periglenes).
Climate change is expected to cause significant 
shifts in the distribution of tropical rainforests and 
disturbance patterns. The possibility that climate 
change could enhance drought in the Amazon is 
of major concern because it would cause increased 
wildfire, climate-induced forest dieback, and large-
scale conversion of tropical rainforest to savannah, 
which has important implications for the global cli-
mate (Cox et al. 2004, Scholze et al. 2006, Nepstad 
et al. 2008). In the humid tropics of north Queensland 
(Australia), significant shifts in the extent and distri-
bution of tropical forests are likely because several 
forest types are highly sensitive to a 1°C warming, 
and most types are sensitive to changes in precipita-
tion (Hilbert et al. 2001).
Tropical cloud forests are an important subset of 
tropical forests from a climate change perspective. 
Even small-scale shifts in temperature and precipita-
tion are expected to have serious consequences be-
cause cloud forests are located in areas having steep 
gradients. The highly specific climatic conditions of 
cloud forests (Foster 2002) that justify monitoring 
these forests for possible effects of climate change 
(Loope and Giambelluca 1998). Atmospheric warm-
ing raises the altitude of cloud cover that provides 
tropical cloud forest species with the prolonged mois-
ture they receive by being immersed in the clouds 
(Pounds et al. 1999). The habitats they require will 
shift up the slopes of mountains, forcing species into 
increasingly smaller areas (Hansen et al. 2003). In 
East Maui, Hawaii, the steep microclimatic gradients 
combined with increases in interannual variability in 
precipitation and hurricanes are expected to cause 
replacement of endemic biota by non-native plants 
and animals (Loope and Giambelluca 1998).
Tropical dry forests are very sensitive to changes 
in rainfall, which can affect vegetation productiv-
ity and plant survival (Hulme 2005, Miles 2006). 
Studies conducted in Tanzania and Costa Rica show 
that tropical dry forests may be particularly sensitive 
to life zone shifts under climate change (Mwakif-
wamba and Mwakasonda 2001, Enquist 2002). A 
slight annual decrease in precipitation is expected 
to make tropical dry forests subject to greater risk 
from forest fires in the immediate future. Prolonging 
the dry seasons would enhance desiccation, mak-
ing the forest system more exposed and sensitive to 
fires. However, increased fire occurrence can lead 
eventually to a decrease of fires due to the reduction 
of fuelbeds over time (Goldammer and Price 1998, 
Hansen et al. 2003).
Tropical mangroves are also highly threatened by 
climate change. The principal threat to mangroves 
comes from sea level rise and the associated changes 
Map 2.1 Distribution of the world’s forests by major ecological zone (FAO 2001).
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in sediment dynamics, erosion, and salinity. Sea level 
rise is expected to take place at about twice the rate 
of sediment accumulation, which is necessary for the 
survival of mangroves, and erosion will reduce the 
size of mangroves (Hansen et al. 2003). Mangroves 
may be affected by other atmospheric changes as 
well, including temperature, increased carbon diox-
ide, and storms.
The vulnerability of tropical forests is also in-
creased by non climatic pressures, such as forest 
conversion and fragmentation. In the Amazon, the 
interactions between agricultural expansion, forest 
fires, and climate change could accelerate the deg-
radation process (Nepstad et al. 2008). The ability 
of species to migrate will be limited by forest frag-
mentation, and their ability to colonise new areas 
will be affected by invasive species (Fischlin et al. 
2007). Climate change could be the biggest cause of 
increased extinction rates in tropical forests (Fischlin 
et al. 2007), exacerbated by the continued loss of 
forest cover and forest degradation.
However, many dimensions of the vulnerability 
of tropical rainforests remain uncertain (Morgan et 
al. 2001, Wright 2005). Integrated research about 
these various drivers and their interactions is lack-
ing, particularly in the tropics, which impedes the 
assessment of climate change impacts and vulner-
abilities.
2.2.2 Subtropical Forests
Many subtropical forests regularly experience high 
temperatures and extended droughts, making them 
particularly susceptible to forest fires. Greater fire 
frequencies have already been observed in the Medi-
terranean basin (Fischlin et al. 2009). According to 
the IPCC Fourth Assessment Report, drought stress 
has affected vegetation and reduced gross primary 
production by as much as 30% in southern Europe, 
resulting in a net carbon source, particularly during 
the heat wave of 2003 (Fischlin et al. 2007).
Under climate scenarios in the growth cluster, 
subtropical forests are projected to experience higher 
evapotranspiration and lower rainfall. Productivity 
in most subtropical forests is projected to decrease 
under a wide range of climate-change scenarios due 
to increases in temperatures above physiological op-
timum (Fischlin et al. 2009). Higher temperatures 
and longer droughts are likely to increase vegetation 
flammability, leading to more frequent forest fires. 
However, contrary to the pattern expected in boreal 
and temperate forests, fire frequencies may reach 
saturation after an initial stage, or may even dimin-
ish when conditions become so dry that decreased 
production leads to less fuel accumulation (Fischlin 
et al. 2009). Under more frequent disturbance, espe-
cially fire and drought, carbon stocks are expected 
to be greatly reduced (Bond et al. 2005).
The subtropics contain some of the most promi-
nent biodiversity hotspots in Latin America, Austra-
lia, and South Africa. These biodiversity hotspots 
are highly sensitive to changing climatic conditions 
under a wide range of climate-change scenarios. 
Projections suggest that 40% of biodiversity in 
subtropical forests could be lost even under climate 
scenarios in the stable cluster (Fischlin et al. 2009). 
Many subtropical forest species exist in highly frag-
mented environments and are at particular risk of 
extinction, with subsequent negative impacts on the 
livelihoods of forest-dependent people.
2.2.3 Temperate Forests
There is no evidence yet of widespread change in 
temperate forest types (Fischlin et al. 2007), although 
local changes have been reported in southern Swit-
zerland (Walther 2000) and in British Columbia 
(Hebda 2008), and tree lines have advanced in alpine 
areas (Kullman 2001, Danby and Hik 2007). Lack 
of major change in temperate forest types should not 
be surprising, however, as trees in temperate regions 
are long-lived and most are slow-growing. Physi-
ological responses to warmer temperatures have been 
observed in trees, including longer growing season 
(Menzel and Fabrian 1999, Piao et al. 2007) and 
higher production (Boisvenue and Running 2006, 
Martinez-Vilalta et al. 2008), except where moisture 
limitation occurs.
Largely based on Sitch et al. (2003), Fischlin et al. 
(2007) reported broad temperate forest decline and 
forest type change under the growth (+3.8°C) climate 
change scenarios. Whereas under the stable (+2°C) 
scenario, Fischlin et al. (2007) reported relatively 
less decline, but still considerable forest change was 
predicted. These conclusions are broadly supported 
in the literature for all forested continents (Sykes and 
Prentice 1996, Bugmann 1997, Iverson and Prassad 
2002, del Rio et al. 2005, Goldblum and Rigg 2005, 
Frumhoff et al. 2007, Kellomäki et al. 2008).
The three main disturbances in temperate for-
ests include fire, wind, and herbivory (Frelich 2002), 
along with various pathogens. These will all change 
in severity, frequency, and in their interactions with 
climate change (Meehl et al. 2007). Where fire is a 
factor, it is expected to increase (Cary 2002, Garzon 
et al. 2008). Temperate forests will also be affected 
by an increased number of invasive species (Ward 
and Masters 2007).
Broad range changes in tree species and novel 
forest types can be expected during the next 70–100 
years in temperate forests (Sitch et al. 2003, Fischlin 
et al. 2007, 2009). Temperate forest communities will 
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change; species will migrate pole-ward, up moun-
tains, or be replaced by grasslands and savannahs 
in drier areas, including areas of the Mediterranean 
zone (Sykes and Prentice 1996, Bugmann 1997, Iver-
son and Prassad 2002, Malcolm et al. 2002, del Rio 
et al. 2005, Fei and Sen 2005, Goldblum and Rigg 
2005, Frumhoff et al. 2007, Keinast et al. 2007, Gar-
zon et al. 2008, Koca et al. 2008, Martinez-Vilalta et 
al. 2008, Fischlin et al. 2009) and in North America 
(Hamann and Wang 2006, McKenney et al. 2007). 
High uncertainty is associated with these predictions 
owing to interactions among increased fire, invasive 
species, pathogens, and storms (Dale et al. 2001).
Marked species migration and novel ecosystem 
development is also likely under climate change 
in temperate forests. There is concern that climate 
change may exceed the capacity of species with heavy 
seeds (such as Quercus spp.) to migrate (Malcolm et 
al. 2002). Original forest species communities are 
unlikely to reassemble owing to differential species 
migration capacity and responses to disturbances, 
and anthropogenically altered landscapes. Migration 
of species to surrogate habitats may be impeded by 
the fragmentation of temperate forest landscapes ow-
ing to 20th century anthropogenic activity, as well 
as natural barriers (e.g., mountain ranges, lakes, and 
seas).
Some research suggests increased productivity 
in temperate forests in response to climate change 
(Joyce and Nungesser 2000, Parry 2000) as mod-
erated by moisture, and driven by nitrogen levels 
(Magnani et al. 2007) and soil type (Rasmussen et al. 
2008). While nitrogen and CO
2
 levels may fertilise 
these systems (Milne and van Oijen 2005), any net 
positive effects in total carbon sequestration may 
be lost through increased soil respiration or drought 
(Gough et al. 2008, Noormets et al. 2008, Piao et 
al. 2008). Under growth scenarios, there is likely to 
be reductions in carbon sequestration owing to high 
system respiration and reduced production (Sitch et 
al. 2003).
2.2.4 Boreal Forests
Current marginal expansion of the boreal forest 
northwards has been reported, consistent with pre-
dictions (Lloyd 2005, Caccianga and Payette 2007, 
Soja et al. 2007, Devi et al. 2008, MacDonald et al. 
2008), but expansion may be slower than expected 
because of poor soils, fires, and oceanic cooling ef-
fects (MacDonald et al. 2008, Payette et al. 2008). 
The growing season has lengthened (Soja et al. 2007, 
Kellomäki et al. 2008), and increased growth has 
been found for some species (Briffa et al. 2008). 
For other species, temperature threshold effects and 
important interactions with moisture may occur and 
affect individual species responses to climate change 
(Brooks et al. 1998, Wilmking et al. 2004, Kellomäki 
et al. 2008). Fire was predicted to increase (Flan-
nigan et al. 1998) and has been confirmed in North 
America and Russia (Gillett et al. 2004, Soja et al. 
2007). Warming climate has been implicated as a 
cause for extensive outbreaks of mountain pine beetle 
(Dendroctonus ponderosae) in western Canada and 
the USA (Taylor et al. 2006), and of spruce beetle 
(Dendroctonus rufipennis) in Alaska and northwest-
ern Canada (Berg et al. 2006).
The boreal biome is expected to warm more 
than other forest biomes (Christensen et al. 2007). 
Under both growth and stable climate change sce-
narios, Fischlin et al. (2007) and Sitch et al. (2003) 
reported predicted broad gains northward for boreal 
forests, although with conversion to temperate for-
ests and grasslands at southern and central areas of 
Canada and Russia. This is supported in Price and 
Scott (2006) for Canada, where the biome is ex-
pected to increase in area under the growth scenario. 
Kellomäki et al. (2008) modelled a 44% increase in 
production from the boreal biome in Finland under 
the growth scenario.
Soja et al. (2007) summarised published pre-
dicted changes for the boreal forest as: increased 
fire, increased infestation, northward expansion, and 
altered stand composition and structure. To that list 
we add less old-growth forest and conversion of 
southern-central dry forests to grasslands (Thomp-
son et al. 1998, Price and Scott 2006). Flannigan et 
al. (2005) suggests that the area of boreal forests 
burned in Canada may increase by 74–118% by 
the end of this century, depending on scenario, but 
also depending on the frequency of drought years 
(Fauria and Johnson 2008). Other estimates suggest 
increases of more than five times current levels in 
some areas under growth climate change scenarios 
(Balshi et al. 2008).
Levels of infestation are uncertain but expected 
to rise owing to drought and warm conditions (Ward 
and Masters 2007, Fischlin et al. 2009). The tree line 
should continue to shift northwards, but new com-
munities may develop owing to differential response 
capacity among species (MacDonald et al. 2008). 
Other threats include the potential for severe insect 
infestation, and loss of forest cover in southern areas 
in response to drought and fire.
The estimated total carbon stored in boreal forests 
is much higher than previously thought and, depend-
ing on how the accounting is done, is likely in the 
range of 25–33% of the total global carbon (Bhatti et 
al. 2003, Bradshaw et al. 2009), much of it as peat. 
Climate change may result in increased emission of 
greenhouse gases through fire and decomposition 
(Kurz et al. 2008). Greenhouse gases emitted from all 
Canadian forest fires are estimated to increase from 
162 Tg/year of CO
2
 equivalent in the 1xCO
2
 sce-
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nario to 313 Tg/year of CO
2
 equivalent in the 3xCO
2
 
scenario, including contributions from CO
2
, CH
4
, 
and N
2
O (nitrous oxide) (Amiro et al. 2009). While 
productivity is expected to rise, net carbon losses 
are likely to occur owing to increased disturbances 
and higher respiration (Kurz et al. 2008), depending 
to a large degree on rates of disturbance and forest 
management actions (Chen et al. 2008).
2.3 Adaptation for Forests and 
Forest-Dependent People
In the context of changing economic, social, and 
global political environments, adaptation to climate 
change adds new challenges to forest stakeholders 
(defined as people who depend directly on forests 
or participate in their management, such as forest 
communities, forest managers and companies, con-
servationists, forest policy makers, development 
organisations, and scientists). The need to include 
adaptation into forest management and policies is 
becoming increasingly recognised by these stake-
holders, especially in temperate and boreal areas. In 
particular, forest stakeholders face challenges related 
to understanding vulnerability, identifying adapta-
tion options, and implementing adaptation.
2.3.1 Understanding Vulnerability
Understanding the vulnerability of forests and forest-
dependent people is a first step towards designing 
effective adaptation. Vulnerability assessments in-
clude analysing the determinants of vulnerability 
and prioritising interventions for reducing the vul-
nerability of forests and forest-dependent people. 
Two main approaches to vulnerability assessments 
are generally applied to social-ecological systems: 
“impact-based approaches” (or impact studies) and 
“vulnerability-based approaches.” Impact-based ap-
proaches start with assessing the potential impacts 
of climate change on forest or forest people under 
different climate scenarios. Vulnerability-based ap-
proaches start with assessing social sensitivity and 
adaptive capacity to respond to stresses and, if neces-
sary, combine this information with impact studies 
(Kelly and Adger 2000). With vulnerability-based 
approaches, vulnerability is determined by the ex-
isting capacity rather than by any predicted future 
impacts (Ribot 2009).
For understanding forest vulnerability, many 
impact studies are available at global or continental 
scales (e.g., Scholze et al. 2006). However, the coarse 
resolution of these studies limits their usefulness for 
informing decisions on adaptation measures at a local 
scale. Impact studies can facilitate decision-making 
if they are conducted at a relevant scale (e.g., national 
or sub-national) and if they assess uncertainties (e.g., 
by considering several climate scenarios) (see Box 
2.2). It is also important for impact studies to address 
the factors that enhance or limit the adaptive capacity 
of forests, such as the process of species migration 
and the role of landscape connectivity in adaptation 
(Pearson 2006).
To facilitate adaptation processes for forest-
dependent people, vulnerability-based approaches 
seem more adequate than impact studies (Burton 
et al. 2002). Most impact-based approaches have 
failed to facilitate social adaptation processes be-
cause the future of both climate and societies is un-
certain, because climate scenarios do not necessarily 
capture the local climatic specificities and relevant 
variables for local people (e.g., extreme climatic 
events), and because impact studies operate at a 
time horizon much further than the ones relevant 
for people and decision-makers (Mitchell and Hulme 
1999, Burton et al. 2002). Some authors argue that 
vulnerability-based approaches are more likely to 
identify policy-relevant recommendations for social 
adaptation because they address immediate needs 
and are consistent with a precautionary approach 
to climate change. Reducing social vulnerability to 
current stresses should help people adapt to the fu-
ture climate whatever the future will be (Heltberg 
et al. 2009).
Impact-based and vulnerability-based approach-
es are complementary in the process of planning 
the adaptation of forests and forest communities. 
If attention is paid only to reducing current vulner-
ability in general, the conclusions could easily lead 
to recommendations related to a conventional de-
velopment approach (e.g., with more education and 
equity, more stable and diversified livelihoods, or 
better infrastructure) without addressing future cli-
mate risks. While reducing vulnerability to current 
exposures is relevant, it may not be sufficient for 
addressing future risks (Lim and Spanger-Siegfried 
2005). Impact studies give insights into the potential 
risks that forests would face in the future and to 
which societies should be empowered to adapt.
Some issues are important to consider when as-
sessing vulnerability. First, cross-scale issues are cru-
cial. Adaptation is fundamentally local (Adger et al. 
2005a, Agrawal and Perrin 2008), but is influenced 
by factors from higher scales (e.g., national policies 
or management at the landscape scale). Assessing the 
vulnerability of forests and forest-dependent people 
therefore requires that such cross-scale factors be 
taken into account. Second, time horizons must be 
relevant for the decision to be taken (e.g., long term 
for a long rotation plantation, or more short term 
for local social adaptation) (Füssel 2007). Third, as 
the vulnerability of forest people to climate change 
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Favouring the establishment of tree species that will 
be suited to future climate is an important adap-
tive response (see Section 2.3). It is challenging 
to make use of projected future forest impacts in 
vulnerability assessments because of large uncer-
tainties. The case study in this box illustrates how 
uncertain projections may be used for adaptation 
in a temperate forest setting. The example is for 
spruce in British Columbia, Canada.
The resolution (~350 km × 350 km) of GCM 
(Global Circulation Model) projections is too 
coarse for assessing impacts in British Columbia 
due to large climatic gradients over small distances. 
Simple empirical downscaling to high resolution 
(~4 km × 4 km) was performed by applying pro-
jected climate change from GCMs to high reso-
lution historical climatology (Wang et al. 2006). 
Tree species suitability was approximated using 
climate envelope techniques (Murdock and Flower 
2009).
The difference in projected suitability between 
climate scenarios in the “growth” and “stable” 
emissions clusters is considerable. With higher 
Figure 2.3 Projected spruce suitability for 2080s in British Columbia: (left) Average for “growth” 
(A2) scenarios from five GCMs. Light green areas were suitable in both 1961–1990 and in the 2080s, 
dark green areas become suitable, and dark brown areas lose suitability by 2080s (centre); same for 
“stable” scenarios (B1). The frame on the right shows the percent of projections from a combined 
set of ten GCMs following both growth and stable scenarios; dark green indicates agreement between 
models that the climate will be suitable and brown that it will not be suitable. Reprinted with the 
permission of Pacific Climate Impacts Consortium.
depends on the state of their forests, and the vulner-
ability of forests depends on the people’s decisions, 
vulnerability assessment should integrate social and 
biophysical dimensions and be interdisciplinary (see 
Box 2.3). Fourth, the participation of forest stake-
holders is essential in vulnerability assessments. Vul-
nerability assessments performed only by scientists 
are likely to fail to facilitate adaptation processes 
(Füssel 2007) because stakeholders involved in vul-
nerability assessment are more likely to participate in 
adaptation planning and implementation. Participa-
tory vulnerability assessments are a way to engage 
stakeholders into a process of adaptation and, there-
fore, can be a means as well as an end. Participation 
can also help to integrate different views on vulner-
ability, especially the perception of local indigenous 
Box 2.2 Using future tree suitability projections for adaptation
emissions (A2), much of the current spruce dis-
tribution becomes unsuitable (see figure, left), but 
with lower emissions (B1), there is little change (see 
figure, centre). Also, because future emissions are 
unknown, it is uncertain which of these projections 
should be used for adaptation. Additional uncer-
tainty arises from differences in GCMs. The range 
in projected annual temperature and precipitation 
changes over British Columbia from five GCMs is 
+1.8 to 2.6°C and +2 to 11% for A2, and +1.7 to 
1.9°C and +6 to 8% for B1.
For adaptation, a set of policies is needed (Sec-
tion 2.3). Projected impacts may inform these poli-
cies if uncertainty is quantified. For example, the 
percentage of projections that indicate spruce suit-
ability in the future is shown in the figure (right). 
This illustrates the level of (dis)-agreement among 
the different GCMs and emissions. Thus, in areas 
that are projected to become unsuitable for most or 
all cases (dark brown), there is a strong indication 
to favour species other than spruce as part of an 
adaptation strategy. Where there is low agreement 
(light/grey), other factors may be relatively more 
important to planting decisions and a more complex 
set of adaptation strategies may be required
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people and their knowledge on adaptation (Vedwan 
and Rhoades 2001, Deressa et al. 2009).
In a perspective of implementing adaptation, 
vulnerability assessments and impact studies also 
contribute to raising awareness about the need for 
adaptation. There is often the lack of a sense of 
urgency among forest stakeholders because the ef-
fects of climate change are assumed to be gradual 
(Chapin et al. 2004). Even when stakeholders are 
well-aware that climate change is happening, they 
may not see an immediate need to develop adaptation 
strategies. For instance, in boreal countries, Roberts 
et al. (2009) reported little evidence of adaptation 
policies for forests and noted that Finland suggested 
that a long lead time will be required for any adapta-
tion program. Ogden and Innes (2007a) found that 
economic conditions, timber supply, trade policy, 
and environmental regulations had a greater influ-
ence on perceptions of sustainability among forest 
resource users than did climate change. However, 
as highlighted by Innes et al. (2009), a laissez-faire 
attitude to forest management under climate change 
is not an option because the natural resilience of for-
est stands is likely to be exceeded globally by 2100. 
That time scale is well within the life spans of trees 
planted now in boreal regions.
Nevertheless, some governments have recogn-
ised science-based predictions for changes in forests 
and have identified a need for adaptive action. For 
instance, in boreal regions, socio-economic impacts, 
such as changes in timber supply, loss of forest stock 
and non-market goods, altered land values, social 
stress from economic restructuring, and effects on 
protected areas have been recognised (e.g., Natural 
Resources Canada 2004). While the implications of 
climate change are anticipated, there is a high level 
of uncertainty that affects the capacity of decision-
makers to act. For example, Price and Scott (2006) 
found a lack of concordance among models and sce-
narios in their predictions of future forest vegetation 
communities.
Uncertainty should not be a reason for inaction 
(Dessai and Hulme 2004). Better handling of un-
certainties in decision-making is essential for im-
proving adaptation policies and practices because 
uncertainties are inherent to climate change adap-
tation. Approaches exist that provide flexibility to 
adjust the course of action in accordance with the 
accumulating scientific knowledge and experience 
(see Section 2.3.3).
2.3.2 Identifying Adaptation Options
Adaptation measures for forests have been pro-
posed, particularly for temperate and boreal forests 
(e.g., Noss 2001, Hansen et al. 2003, Spittlehouse 
and Stewart 2003, Fischlin et al. 2007, Millar et 
al. 2007, Guariguata et al. 2008, Ogden and Innes 
2008). Regarding adaptation in general, Smithers and 
Smit (1997) distinguish two broad kinds of adapta-
tion measures: measures that aim to buffer a system 
from perturbations by increasing its resistance and 
resilience1) to change, and measures that facilitate 
a shift or an evolution of the system towards a new 
state that meets altered conditions (see Figure 2.4). 
Carlos Bahamondez
This case study aimed at assessing the vulner-
ability of forests and forest landowners to climate 
change. It adopted the IPCC definition of vulner-
ability and the approach to vulnerability assess-
ment proposed by Luers et al. (2003). This approach 
enables differentiating between different types of 
forest owners, technological developments, and 
geographical locations. For assessing the impact 
of climate change on forest productivity, especially 
the impact of changes in day-time high (maximum) 
and night-time low (minimum) annual mean tem-
peratures, we applied the ecophysiological model 
3PG (Physiological Principles Predicting Growth) 
Box 2.3 Vulnerability assessment of Chilean forests and landowners
(Landsberg et al. 2001). Two forest plantation spe-
cies were studied (Eucalyptus spp. and Pinus ra-
diata) under four main management regimes and 
two types of landowners (small and large). We cre-
ated vulnerability maps based on spatial distance 
inverse interpolation method with the A2 climatic 
scenario downscaled at 25 km by 25 km by PRECIS 
(Providing Regional Climate for Impact Studies) 
(Universidad de Chile 2007). Results showed the 
negative impacts of climate change on plantations 
productivity, highlighting the current needs for ad-
aptation measures, especially genetic. Results also 
showed that small landowners are more vulnerable 
than large landowners due to their low technological 
development (Bahamondez et al. 2008).
1) Resistance is “the ability of a system to resist external 
perturbations” (Bodin and Wiman 2007), while resilience is 
the ability of a system “to absorb disturbance and reorganize 
while undergoing change so as to still retain essentially the 
same function, structure, identity, and feedbacks” (Walker 
et al. 2004).
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In the case of forests, some buffering measures focus 
on preventing perturbations, such as fire (managing 
fuel, suppressing or controlling fires), invasive spe-
cies (preventing or removing invasive species), and 
insects and diseases (applying phytosanitary treat-
ments). Other buffering measures include managing 
the forest actively after a perturbation; for instance, 
favouring the establishment of adapted and accept-
able species.
Buffering measures that try to conserve forests 
in their current or past state are not a panacea. Such 
measures may only be effective over a short term 
and will eventually fail with increasing changes in 
environmental conditions. Furthermore, there are 
high costs associated with these measures due to the 
intensive management required for implementation. 
For the above mentioned reasons, these measures 
should be applied to high value forests (e.g., high 
priority conservation forests for biodiversity) or to 
forests with low sensitivity to climate change (Mil-
lar et al. 2007).
Measures that facilitate a shift or evolution of 
a system do not aim to resist changes, but rather to 
ease and manage natural adaptation processes. The 
resilience of the ecosystem is crucial, not necessar-
ily to keep the ecosystem in the same state after 
a disturbance, but to help it evolve towards a state 
that is acceptable for the manager or the society. 
An example of facilitating measures is the reduc-
tion of landscape fragmentation. This is because con-
nectivity between habitats eases species migration; 
corridors established in the direction of the climate 
gradient could help forests to adapt (Noss 2001). 
Another facilitating measure consists of conserving 
a large spectrum of forest types for their value and 
their possible higher resilience (Noss 2001); for in-
stance, ecosystems across environmental gradients 
or biodiversity hotspots. As genetic diversity is a key 
element of the adaptive capacity of an ecosystem, 
some authors propose measures for maintaining or 
enhancing it in managed forests (Guariguata et al. 
2008). For forest plantations, management can be 
modified to adapt to climate change, for example, 
by adopting species and genotypes that are adapted 
to future climates, planting mixed species and un-
even age structure, or by changing rotation length 
(Guariguata et al. 2008).
Measures that reduce non-climatic pressures, 
such as forest conversion, fragmentation, and deg-
radation, can contribute to both buffering and facili-
tating (Noss 2001, Hansen et al. 2003, Malhi et al. 
2008). Climate change adds to other stresses, some 
of which are currently more pressing than the cli-
mate; for example, forest conversion in the tropics. If 
non-climatic threats are not addressed, adaptation to 
climate change may be irrelevant or purely academic 
(Markham 1996). In places where threats to forest 
sustainability are mostly non-climatic (e.g., land-
use conversion, overharvesting), implementing forest 
conservation or sustainable forest management is 
essential for reducing the vulnerability of forests and 
is an important first step towards forest adaptation. 
Figure 2.4 Examples of technical measures for forest adaptation (Locatelli et al. 2008).
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In places where forest conservation and sustainable 
management are already being implemented, specific 
adaptation measures can be incorporated into those 
practices.
The uncertainties about climate change and for-
est vulnerability intensify the need for flexible and 
diverse approaches that combine measures selected 
from an adaptation toolbox, or a list of possible mea-
sures (Millar et al. 2007). Selecting a limited number 
of measures is relevant for systems with less com-
plexity (e.g., monoculture plantations) and exposed 
to clear trends in climate change. However, in most 
cases, a high degree of uncertainty will justify se-
lecting a portfolio of measures to reduce the risk of 
choosing one or just a few inadequate measures.
2.3.3 Implementing Forest Adaptation
Implementing forest adaptation at the local scale 
should not start from scratch but be built on previ-
ous experiences. In various contexts over the last 
decade, researchers have been experimenting with 
approaches that emphasise collaborative and adap-
tive management, and that are relevant for forest 
adaptation (e.g., Buck et al. 2001, Tompkins and 
Adger 2004, Colfer 2005, Armitage et al. 2008). 
These approaches are compatible with the sustain-
able forest management (SFM) framework, which 
should guide the implementation of adaptation for 
forests and forest-dependent people.
Focus on Local Specifics
A challenge in the implementation of forest adapta-
tion comes from geographical and human diversity. 
The need to pay attention to local specifics has be-
come increasingly obvious because adaptation pro-
cesses should be adjusted to the local ecological or 
social contexts (Agrawal 2008). However, attention 
to local variation is typically seen as too difficult, 
too costly, or impractical. Institutional changes are 
needed to allow building adaptation at the local level, 
rather than trying to make broad-scale plans. A num-
ber of institutional challenges need to be overcome in 
order to successfully address adaptation in populated 
forests; for example, increasing local ownership and 
access to forests, and building institutional respon-
sibility for adaptation (Macqueen and Vermeulen 
2006). Agrawal (2008) emphasises the importance 
of assessing and strengthening local institutions, and 
developing locally appropriate solutions.
Adaptation must be based on local practices 
and knowledge. Many forest communities have a 
detailed knowledge of their environment, and have 
developed strategies for adapting to interannual and 
Photo 2.1 Climate change is likely to have negative effects on forest-dependent communities, particularly 
in developing countries, where these communities lack adaptive capacity because of poverty, marginalisa-
tion, and location far from the centres of power (Sandrakatsy, Madagascar).
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2) General Assembly of the United Nations, resolution 62/98 
adopted in December 2007
longer-term climate variability (Roberts et al. 2009). 
Even if unprecedented rates of changes may chal-
lenge this knowledge and the capacity of learning and 
developing new strategies, local knowledge systems 
should be integral to local adaptation plans (Innes 
et al. 2009).
Further, while adaptation will be about manag-
ing local problems, it is also a national issue and so 
requires collaboration at multiple levels and across 
sectors (Ogden and Innes 2007b). Local adaptation 
is affected by institutions that operate on a regional, 
national, or global level. Because the adaptive ca-
pacity of a local system can be weakened by in-
appropriate policies and programs (Herrmann and 
Hutchinson 2005), policy-makers at different levels 
need to develop mechanisms that allow people to 
adapt their own systems more effectively as the cli-
mate changes.
Collaborative Adaptation
Forest stakeholders have a central role to play in 
forest adaptation because they manage forests and 
depend directly on them. The projected environmen-
tal impacts of climate change on forests will have 
far-reaching social and economic consequences on 
forest-dependent people (e.g., forest communities) 
and sectors (e.g., forest sectors). For forest sectors, 
many studies have projected a global increase in the 
supply of timber, but the trends are not homogeneous 
among regions (Osman-Elasha and Parrotta 2009).
Many communities in both developed and devel-
oping countries are sensitive to changes in forests 
because they depend on forests products for their 
livelihoods, food security, and health, especially 
non-timber forest products (e.g., medicinal plants). 
Drawing on traditions from First Nations and settler 
communities in Canada, for example, many subsis-
tence harvesters collect non-timber forest products 
(NTFPs) for food (Duchesne and Wetzel 2002). In an 
analysis of seven studies conducted in Latin America, 
around 35% of the incomes of indigenous communi-
ties were found to come from forest products (Vedeld 
et al. 2004). Changes in the provision of forest goods 
and services induced by climate change could affect 
forest communities. In many places, particularly in 
developing countries, forest-dependent communities 
lack adaptive capacity because of poverty, margin-
alisation, and location far from the centres of power 
(Ribot 2009).
An important component of, and challenge for, 
forest adaptation is determining roles and respon-
sibilities in adaptation. The forest industry, various 
levels of government, and local and indigenous com-
munities will all need to adjust their activities to 
adapt to the effects of climate change on forests. 
Among these groups, differing perceptions of risk 
and levels of responsibilities may create barriers in 
the negotiating and decision-making processes for 
adaptation. For example, conflicting priorities and 
mandates could lead to future problems that will 
have to be resolved before formal adaptation policies 
can be developed and acted on (Natural Resources 
Canada 2004). Resolution of these kinds of problems 
will also require behavioural changes (Krankina et 
al. 1997).
Adaptive Management
Implementing forest adaptation often means thinking 
in the context of adaptive management; this may be 
a challenge. Forest adaptive management is defined 
as “a dynamic approach to forest management in 
which the effects of treatments and decisions are 
continually monitored and used, along with research 
results, to modify management on a continuing ba-
sis to ensure that objectives are being met” (Helms 
1998). Adaptive management is a systematic process 
for improving policies and practices that can be used 
by forest stakeholders to adjust their activities as 
they progressively learn while the environment is 
changing (Innes et al. 2009). Adaptive management 
enables stakeholders to face the challenges of com-
plexity and uncertainty related to climate adaptation 
(Arvai et al. 2006, Roberts et al. 2009).
Forest stakeholders can implement different 
adaptation measures and observe the outcomes. As 
monitoring must be in place to enable reflecting and 
making new decisions, sets of criteria and indica-
tors for monitoring forest management and human 
well-being (e.g. Prabhu et al. 1996, 1998) could be 
applied to forest adaptation. Within the framework of 
adaptive management, science and local knowledge 
systems play an important role for understanding 
forest dynamics and the effects of the actions carried 
out (Innes et al. 2009).
Sustainable Forest Management
Sustainable forest management (SFM) can provide 
an effective framework for addressing forest adapta-
tion in an integrated manner. A widely agreed defi-
nition of SFM is “a dynamic and evolving concept 
aiming to maintain and enhance the economic, social, 
and environmental values of all types of forests for 
the benefit of present and future generations”2). The 
specific management practices and policies for SFM 
largely depend on the specific ecological and socio-
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economic context; nevertheless, it can be argued that 
adaptive management practices and policies that 
promote SFM principles are essential for reducing 
the vulnerability of forest ecosystems (Seppälä et 
al. 2009). In many developing countries, failure to 
manage forests sustainability reduces the capacity 
of forests to provide ecosystem services to forest-
dependent societies in the long term. In these cases, 
the potential of SFM to enhance the adaptive capacity 
of both forests and people remains unused.
SFM practices adopt a holistic approach to for-
est management, including social, economic, and 
environmental goals. The seven thematic areas of 
SFM, as defined by the United Nations Forum on 
Forests (UNFF 2004), are similar to the main ele-
ments that should be considered in adaptation plans: 
extent of forest resources; biological diversity; forest 
health and vitality; productive functions of forest 
resources; protective functions of forest resources; 
socio-economic functions; and the legal, policy, 
and institutional framework. Adaptation to climate 
change can thus be incorporated into the thematic 
areas of SFM as an additional goal (Glück et al. 
2009), or SFM practices can be implemented with an 
adaptive management approach (Innes et al. 2009).
Existing Forest Adaptation Policies
In many countries, adaptation policies are increas-
ingly addressing the need for adapting forests to 
climate change. Roberts (2008) reviewed the for-
est management measures proposed in the National 
Communications (NC) and National Adaptation 
Programmes of Actions (NAPA) produced for the 
United Nations Framework Convention on Climate 
Change (UNFCCC) (see Box 2.4). In the tropical 
domain, community-based forest management and 
forestation are proposed in several NCs and NAPAs. 
In the subtropical domains, such adaptation measures 
propose the establishment of corridors for facilitat-
ing species migration, the reduction of perturba-
tions, and additional management options related 
to mixed species forests and genetic selection. In 
the temperate and boreal domains, the NCs include 
measures for increasing the stability of forests in 
the face of climate change (e.g., near-natural forest 
management with mixed forests in terms of species 
and age classes), reducing disturbances (e.g., fire and 
pest management), and facilitating adaptation (e.g., 
establishment of corridors for migration) (Roberts 
et al. 2009).
In most countries, these adaptation measures are 
based on existing forest policies that aim for sus-
tainable forest management rather than adaptation, 
which is relevant in places where SFM must be in 
Many NCs and NAPAs identify management and 
policy measures for adapting forests to climate 
change (Roberts 2008). Although such measures 
may not be aimed solely at adapting to climate 
change, some include:
– Afforestation, reforestation, and forest restora-
tion with species suited to the future climate 
(e.g., NC India, Sierra Leone), with short ro-
tation species and management practices that 
enhance forest resilience (e.g., NC India) or with 
fast-growing tree species resistant to possible 
disturbances, such as insect, disease, and fire 
(e.g., NAPA Bhutan, Burundi, Eritrea, Samoa, 
Tanzania; NC Sierra Leone).
– Changes in forest species and composition (e.g., 
NC Austria, Belgium, Belarus, Finland, Slove-
nia), and promoting mixed species forests (e.g., 
NC Bulgaria, Czech Republic, France).
– Changes in thinning and harvesting patterns and 
techniques (e.g., NC Bulgaria, Spain, Canada, 
China, Finland, Sweden).
Box 2.4 Adaptation for forests in the NCs and NAPAs
– Community-based forest management and for-
estation (e.g., NAPA Bhutan, Ethiopia, Cambo-
dia, Tanzania, Zambia; NC Fiji, Nepal, Rwanda, 
Sierra Leone).
– Forest conservation in the form of Sustainable 
Forest Management and formal protection ar-
eas (e.g., NAPA Djibouti, D.R. Congo, Guinea, 
Guinea-Bissau, Senegal, Samoa, Tanzania; NC 
Brazil, Cameroon, India, Nepal, Rwanda), and 
the establishment of forest corridors (e.g., NC 
Belgium, China, Poland, Sweden, Switzer-
land).
– Near-nature forest management (e.g., NC Aus-
tria, Denmark, Switzerland, and Ukraine).
– Genetic management: seed selection or main-
tenance of genetic diversity (e.g., NC China, 
Bulgaria, France, Spain, Ukraine, Uruguay).
– Monitoring and management of disturbances: 
fires, pests, and diseases (e.g., NC Bulgaria, 
Canada, France, Ukraine, Switzerland).
– Mapping and risk assessment as an important 
aspect of adapting to climate change (e.g., NC 
Australia, France, New Zealand).
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place before adaptation can be addressed. The pro-
posed policy instruments include a wide array of 
regulatory, economic, and informational instruments 
(see Roberts 2008). However, little information is 
available on the actual implementation of these in-
struments and their effects. Even though NCs and 
NAPAs propose adaptation measures, forest adapta-
tion is still far from being implemented and main-
streamed into decision-making.
One concern related to the proposed adaptation 
policies comes from the limited applicability and suc-
cess of some of the proposed instruments. Regulatory 
approaches have shown success in the implementa-
tion of principles of SFM mainly in temperate and 
boreal forests in developed countries (Roberts 2008). 
But their success in other regions is limited due to 
the lack of policy implementation and enforcement 
in the often weak political and institutional context 
of developing countries. Additionally, linkages are 
rarely made between these policies and other ongo-
ing political processes and issues of high political 
relevance, such as land tenure reforms, property 
rights, and access to natural resources (Locatelli et 
al. 2008). This is especially important because rights 
to and ownership of natural resources are considered 
key features for forest governance and social adapta-
tion (Agrawal et al. 2008).
2.4 Forests and Adaptation in 
a Broader Context
Forests provide ecosystem services that contribute 
to reducing the vulnerability of sectors and to soci-
ety beyond the forestry sector. This broad perspec-
tive on the role of forests represents an opportunity 
for achieving better management or conservation 
of forests with the involvement of different sectors 
concerned with adaptation.
2.4.1 Forests Contribute to 
the Adaptation of Societies
Forests provide essential services across all scales, 
from local communities to the world. Forests con-
tribute to reducing the vulnerability of society to 
climate change. The Millennium Ecosystem As-
sessment (2003) defines ecosystem services as the 
benefits people obtain from ecosystems. Three types 
of services directly contribute to human well-being: 
provisioning services (also called ecosystem goods), 
such as food and fuel; regulating services, such as 
regulation of water, climate, or erosion; and cultural 
services, such as recreational, spiritual, or religious 
services. In addition to these, supporting services 
represent a fourth type of service and include the 
services that are necessary for the production of 
other services, such as primary production, nutrient 
cycling, and soil formation (see Figure 2.5).
Ecosystem services influence all components 
of human well-being presented in Figure 2.5 (Mil-
lennium Ecosystem Assessment 2005). Ecosystem 
services increase the security of people, for example, 
because of the protective role played by regulating 
services, which provide a buffer against natural 
disasters (e.g., floods, violent storms, landslides). 
Ecosystem services are directly linked to the basic 
materials for a good life, such as income, food secu-
rity, and water availability (Levy et al. 2005). Human 
health is also linked to forests, as many case studies 
and syntheses have shown (e.g., Colfer et al. 2006, 
Colfer 2008). Social relations are dependent on eco-
systems through the ability to realise aesthetic and 
recreational activities, and express cultural values 
where they are linked to various habitats or species 
(Levy et al. 2005). Ecosystem services are also linked 
to freedom of choice, e.g., the ability to decide on 
the kind of life to lead. For example, the degrada-
tion of hydrological services or fuelwood resources 
can increase the time spent by local communities to 
collect water and energy sources, resulting in less 
time for education, employment, or leisure (Levy 
et al. 2005).
Forest ecosystem services contribute to reducing 
the vulnerability of society beyond the forests. Forest 
regulating services reduce the exposure of the society 
to climate-related extreme events: they can moderate 
the force of waves or wind (Adger et al. 2005b) and 
reduce temperatures during heat waves (Gill et al. 
2007). Forest provisioning services can also provide 
safety nets to local populations, reducing their sensi-
tivity to climate change. For instance, in Africa, many 
rural communities use non-timber forest products for 
direct consumption or for trading when agriculture 
or livestock is affected by climate events (Paavola 
2008). In Costa Rica, current trends of higher rainfall 
intensity cause increasing concerns about erosion 
and siltation among hydroelectricity companies. For-
est conservation in the watersheds upstream of the 
hydroelectric dams is seen as a measure to adapt to 
climate change (Vignola and Calvo 2008).
2.4.2 Forests and Ecosystem-Based 
Adaptation
Forest ecosystem services are threatened by various 
human-caused pressures other than climate change, 
such as land use change, landscape fragmentation, 
degradation of habitats, over-extraction of goods, 
pollution, nitrogen deposition, and invasive species. 
As these pose threats for people and economic sec-
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tors that depend on these services and that are vul-
nerable to climate change, forest conservation and 
management are an adaptation strategy.
The concept of Ecosystem-Based Adaptation 
(EBA) has recently emerged in the international 
arena on climate change adaptation, with propos-
als submitted by countries and non-governmental 
organisations to the UNFCCC in December 2008 
(e.g., IUCN 2008) and 2009 (e.g., submissions by 
Brazil, Costa Rica, Panama, and Sri Lanka). EBA 
is a set of adaptation policies or measures that con-
sider the role of ecosystem services in reducing 
the vulnerability of society to climate change in a 
multi-sectoral and multi-scale approach (Vignola et 
al. 2009). EBA policies and measures aim at reducing 
the vulnerability of ecosystems and their services to 
different threats (including climate change and land-
use change). EBA can be cost-effective, sustainable, 
and generate environmental, social, economic, and 
cultural co-benefits (CBD 2009). According to the 
Economics of Ecosystems and Biodiversity (TEEB) 
study (2009), cost-benefit analyses indicate that pub-
lic investment should support ecological infrastruc-
ture (forests, mangroves, wetlands, etc.) because of 
its contribution to adaptation to climate change.
EBA considers different kinds of ecosystems in 
landscapes, but forests have a primordial place in 
EBA because they are major providers of ecosystem 
services. For ensuring that forests will contribute to 
the adaptation of the broader society in the future, 
EBA aims to reduce current threats to ecosystem 
services (e.g., deforestation and forest degradation) 
by conserving forests or managing them sustainably. 
It also aims at reducing future threats by implement-
ing adaptation to climate change. In this sense, EBA 
is an overarching framework to forest and adaptation 
in which “adaptation for forests” is needed to ensure 
the role of “forests for adaptation.”
EBA can also aim at conserving specific forest 
ecosystem services that are crucial for societal adap-
tation, such as water-related services. Many forests 
are already managed for ensuring a reliable provision 
of clean water to the society, but management and 
priorities could be modified in the future in light of 
Figure 2.5 Example of ecosystem services and their links to human well-being 
(Locatelli 2008, adapted from Millennium Ecosystem Assessment 2005).
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climate change. Forest management can evolve to-
wards a better conservation of water in places where 
the population is particularly vulnerable to changes 
in water quantity or quality (Innes et al. 2009).
In addition to conserving ecosystem services 
through SFM and forest adaptation, EBA also deals 
with the use of forest ecosystem services for societal 
adaptation. This means, for instance, that access and 
rights to forest products are considered, and aware-
ness is raised on the importance of forests for the 
adaptation of society. It means also that EBA links 
different sectors, especially sectors managing for-
ests and sectors benefiting from forest ecosystem 
services. With EBA, sustainable forest management 
and forest adaptation are not only an issue for forest 
stakeholders, but for the whole society.
2.4.3 Forests for Adaptation: 
Challenges and Opportunities
Using forests for adaptation brings new challenges. 
A challenge comes from the need to understand and 
value the role of forest ecosystem services in the 
adaptation of society. This can be achieved by in-
corporating ecosystems and the users of ecosystem 
services into vulnerability assessments in order to 
achieve a deeper understanding of linkages and better 
targeting of adaptation responses. Such vulnerability 
assessments have been conducted by the ATEAM 
project3) for assessing where people and sectors in 
Europe may be vulnerable to the loss of ecosystem 
services as a consequence of climate and land use 
changes (Metzger et al. 2005, 2006). The Research 
and Assessment Systems for Sustainability Program4) 
developed a framework for assessing the vulnerabil-
ity of coupled human-environment systems that fo-
cuses on the linkages between human and biophysi-
cal vulnerability (Turner et al. 2003).
Similar to vulnerability assessment, adaptation 
practices and policies should jointly consider the vul-
nerability of society and forests. Decision-making on 
adaptation can be integrative by combining forests 
and society, inclusive across scales and sectors, and 
participatory by incorporating different views and 
experiences (Tompkins and Adger 2004, Folke et 
al. 2005, Boyd 2008). Another challenge lies in the 
need to design cross-sectoral adaptation that consid-
ers sustainable forest management as an adaptation 
option in addition to technical and socioeconomic 
actions within one specific sector. For instance, a 
hydropower plant or a drinking water facility facing 
problems of siltation or water quality could partici-
pate in managing upstream forests instead of invest-
ing in technical filtration or treatment solutions. This 
means that adaptation strategies must be prioritised 
based on their effectiveness and efficiency, and their 
cross-sectoral effects, as adaptation based on forests 
may benefit many sectors. This poses a challenge 
in assessing adaptation strategies because economic 
valuations of EBA are lacking.
Using forests for adaptation will modify the costs 
and benefits of forest management. If the objective of 
providing ecosystem services to vulnerable sectors is 
added to the objectives of forest management, forest 
managers may face higher costs or lower benefits, 
while other sectors may receive benefits from eco-
system services (Glück et al. 2009). It means that 
EBA must include financial transfers from sectors 
benefiting from forests ecosystem services to sectors 
managing the forests. These financial transfers may 
help remove the financial barriers to SFM and forest 
adaptation in a cross-sectoral way, with payments for 
ecosystem services appearing as a natural instrument 
in addition to other instruments facilitating informa-
tion sharing and technical assistance. The integra-
tion of forests in adaptation plans for other sectors 
could represent an opportunity for forest conserva-
tion because the role of ecosystem services would 
be recognised and, possibly, be rewarded by those 
benefiting from them.
So far, the importance of forests for the adapta-
tion of society has not been adequately reflected in 
current policies. Even though there is growing aware-
ness of the value of forest ecosystem services, adap-
tation policies and proposed projects tend to apply 
sectoral approaches; few decision-making processes 
incorporate forests into adaptation. In developing 
countries, where the links between livelihoods and 
forests are strong, several NAPAs consider forests 
as an adaptation measure. Most of them, however, 
propose forest projects for reducing the vulnerability 
of forest people rather than for the adaptation of the 
society beyond the forest (see Box 2.5). In addition, 
the role of forests in reducing social vulnerability is 
rarely explicit. The inclusion of forests in the NAPAs 
as an adaptation strategy is not surprising because it 
is recommended in the UNFCCC guidelines for the 
preparation of NAPAs (UNFCCC 2002). Neither is 
it a sign that forests are mainstreamed in decision-
making processes on adaptation because many NA-
PAs are developed by experts in a marginal position 
vis-à-vis political decision making.
In theory, EBA represents an opportunity for 
achieving the dual purpose of better managing for-
ests and facilitating sustainable processes of societal 
adaptation. In practice, EBA requires new modes of 
3) Advanced Terrestrial Ecosystem Analysis and Modelling 
(Potsdam Institute for Climate Impact Research 2008)
4) For more information see Harvard University web-page: 
http://sust.harvard.edu
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local and national governance that include multi-sec-
toral processes, stakeholder participation, and flex-
ible institutions, such as policy networks (or network 
governance) (Glück et al. 2009). EBA can also be 
facilitated by a better integration of international pol-
icies related to forests, climate change mitigation and 
adaptation, and biodiversity. For instance, a global 
mitigation mechanism such as REDD (Reduction of 
Emissions from Deforestation and Forest Degrada-
tion) has the potential to contribute to adaptation 
by improving local livelihoods, strengthening local 
institutions, and conserving ecosystem services. But 
REDD can also have negative effects on the adaptive 
capacity of local forest people by reducing their ac-
cess to land and forest resources. Therefore, a better 
integration of policies for adaptation and mitigation 
in forests is necessary at the local, national, and in-
ternational levels.
2.5 Conclusions
Many forests are likely to be affected by climate 
change and its associated disturbances, in combina-
tion with other drivers of global change. As a result, 
the forest sector and forest-dependent people in both 
developed and developing countries can be adversely 
affected. Adaptation to climate change in forests rep-
resents new challenges for forest stakeholders and 
decision-makers, in addition to current economic, so-
cial, and political challenges. These new challenges 
are related to assessing vulnerability, identifying ad-
aptation measures, and implementing adaptation.
However, adaptation to climate change also 
represents opportunities for better management or 
conservation of forests because forests provide es-
sential ecosystem services that contribute to reducing 
the vulnerability of the society beyond the forest. 
Ecosystem-based adaptation, an emerging approach 
to adaptation, represents several challenges related to 
linking different stakeholders (forest and non-forest 
related) and different scales (from local to national 
or international). However, this approach to adapta-
tion may present opportunities for forest and forest-
dependent people because it would recognise the 
role of forests in providing ecosystem services for 
the society and support the sustainable management 
and adaptation of forests.
Mainstreaming adaptation for forests and forests 
for adaptation requires new modes of governance, 
as traditional governance often fails to address the 
challenges of adaptation. National policies should 
promote forest adaptation into the framework of 
sustainable forest management, and promote inter-
sectoral coordination for linking forest and other 
sectors in adaptation policies. International policies 
also have a role to play through better integration of 
processes related to forests, climate change adapta-
tion and mitigation, and biodiversity.
Jaime Webbe
Among the 41 NAPAs submitted as of 22 June 2009, 
all but four discuss forests within the framework of 
vulnerability or adaptation. Despite this, however, 
only 26 NAPAs identify priority projects specific 
to forests. Many of these projects refer to conser-
vation, reforestation, and restoration as a tool to 
sustain local livelihoods and preserve or restore 
ecosystem services. For instance, the Tanzanian 
NAPA proposes tree plantations for improving the 
livelihoods of communities around Mount Kiliman-
jaro by providing alternative sources of income and 
food.
Forest-specific projects contained in NAPAs 
also include the expansion or establishment of for-
est protected areas, including in Djibouti, Mali, and 
Samoa. It is also worth noting the high proportion of 
forest adaptation projects with a community-based 
approach. In fact, 73% of NAPAs containing for-
est adaptation projects make explicit reference to 
Box 2.5 Forests for adaptation in the NAPAs
community participation. For example, the Uganda 
NAPA includes a community tree-growing project, 
and the Madagascar NAPA prioritises a project for 
the transfer of the management of forests to the 
local level.
In addition to forest-specific projects, an addi-
tional nine NAPAs identify projects with elements 
related to forests. These include projects such as 
coastal protection in Mozambique and the Solomon 
islands that contain an activity on mangrove restora-
tion. Other examples include agriculture promotion 
projects such as agroforestry in the Gambia, Sudan, 
and Vanuatu. Finally, in recognition of the value 
of forests in maintaining hydrological regimes, 12 
different projects are listed with the main objective 
of basin management or flood control based on an 
integrated approach that includes forest-based ad-
aptation. This includes a project in Rwanda for the 
conservation and protection of lands against ero-
sion and floods at the district level that contains an 
activity for the reforestation of degraded lands.
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Abstract: Deforestation, forest degradation, and land-use change are a major source 
of carbon emissions. The Copenhagen Accord recognised the crucial role of reduc-
ing emissions from deforestation, emphasized the role of forests in climate change 
mitigation, and called for the immediate establishment of a REDD+ mechanism. Most 
likely, it will form an integral part of the future climate change regime. For many de-
veloped countries, REDD+ seems to be an attractive option to achieve part of their 
reduction targets through investments in developing countries. For some developing 
countries, this offers an additional source of financing to support sustainable forest 
management and to boost their development plans and poverty-reduction strategies. 
This paper analyses the challenges and major gaps that developing countries are facing 
when planning their national strategies for the implementation of REDD+ schemes. We 
conclude that REDD+ as a climate change mitigation instrument will only be able to 
proceed at a pace that allows the meaningful participation of all relevant stakeholders 
in consensus-building. When the REDD+ enters the markets, the rights of local com-
munities to forest land and carbon will need to be clarified and secured. Successful 
implementation of REDD+ will, in most cases, require strengthening the stake of local 
communities for managing their forest carbon assets and allowing them to benefit fully 
from emerging carbon markets and other funding schemes. Governments will need 
to renew their institutions and adopt new approaches to handle these challenges by 
including the role of forests in climate change mitigation as an integral part of their 
development plans and policies.
Keywords: deforestation, degradation, REDD, carbon sequestration, carbon markets, 
climate change, policy, negotiation
■
GLOBAL ENVIRONMENTAL CHANGES
3.1 Introduction
Deforestation, forest degradation, and land-use 
change are a major source of carbon emissions. The 
Intergovernmental Panel on Climate Change (IPCC) 
estimates that 1.6 billion tonnes of carbon are re-
leased annually due to land-use change, of which the 
major part is traced to tropical deforestation (Den-
man et al. 2007). The forestry sector represents about 
15–20% of current global carbon emissions (IPCC 
2007, Houghton 2008, Werf 2009), which is more 
than what comes from the fossil fuel-intensive global 
transport sector.
The Stern Review (2006) emphasises the preven-
tion of further deforestation as one of four “key ele-
ments” of future international climate frameworks. 
The arguments for inclusion of forests in a future 
climate agreement are that (a) the forestry sector is 
the second largest anthropogenic source of carbon 
dioxide (CO
2
) to the atmosphere, after fossil fuel 
combustion, but avoided deforestation is not included 
in the Kyoto Protocol, and (b) the costs of reduc-
ing emissions from forests compare favourably with 
most other sectors (Kanninen et al. 2007, Lubowski 
2008, Werf 2009).
Reducing emissions from deforestation and for-
est degradation is not only a question of volume or 
cost, it is also a question of timing. Recent results 
show the urgency of action in avoiding dangerous 
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climate change (Smith et al. 2009). According to the 
projections, global greenhouse gas (GHG) emissions 
should start decreasing by 2015, at the latest. For-
ests provide a unique opportunity for early emission 
reductions at relatively low cost. Because tropical 
forests are disappearing fast and are under threat 
from the changing climate, this cost-effective op-
portunity for reducing emissions is available now, 
but it may be lost soon.
During the two years of negotiations starting in 
Bali in 2007, and leading up to Copenhagen COP15 
(fifteenth session of the Conference of the Parties), 
the issue of “avoided deforestation” raised interest 
and gained momentum – and changed its name three 
times from RED to REDD, and finally to REDD+. 
Although COP15 was not able to conclude with 
agreements on successor arrangements to the Kyoto 
Protocol, or to further commitments of Parties under 
the Convention (including as relates to mitigation, 
adaptation, finance, technology transfer, and capacity 
building), the text that did emerge from COP15 – the 
Copenhagen Accord (see Box 3.1) – recognised the 
crucial role of reducing emissions from deforestation 
and enhancing removal of greenhouse gases from the 
atmosphere by forests, and called for the immediate 
establishment of a REDD+ mechanism. Most likely, 
they will form an integral part of the future climate 
change regime.
For many developed countries, REDD+ seems 
to be an attractive option to achieve part of their 
reduction targets through investments in develop-
ing countries. For some developing countries, this 
offers an additional source of financing to support 
sustainable forest management and to boost their 
development plans and poverty-reduction strategies. 
Now, REDD+ cannot be seen as solely mitigating 
In December 2009, the Copenhagen Accord was 
agreed to by 25 nations attending the UN Frame-
work Convention on Climate Change Conference 
of the Parties (COP15) in Copenhagen. The 193 
countries at COP15 agreed to “take note” of the Ac-
cord. As of April 2010, 113 countries have aligned 
themselves with it. The Accord reflects the status of 
understanding on major issues that were discussed 
and negotiated at COP 15. In the following, we 
present relevant paragraphs of the Accord dealing 
with forests:
6. We recognize the crucial role of reducing emis-
sion from deforestation and forest degradation 
and the need to enhance removals of green-
house gas emission by forests and agree on the 
need to provide positive incentives to such ac-
tions through the immediate establishment of 
a mechanism including REDD-plus, to enable 
the mobilisation of financial resources from 
developed countries.
8. Scaled up, new and additional, predictable and 
adequate funding as well as improved access 
shall be provided to developing countries, in 
accordance with the relevant provisions of the 
Convention, to enable and support enhanced 
action on mitigation, including substantial fi-
nance to reduce emissions from deforestation 
and forest degradation (REDD-plus), adapta-
tion, technology development and transfer and 
capacity-building, for enhanced implementa-
tion of the Convention. The collective commit-
ment by developed countries is to provide new 
and additional resources, including forestry and 
investments through international institutions, 
approaching USD 30 billion for the period 2010 
to 2012 with balanced allocation between ad-
aptation and mitigation. Funding for adaptation 
will be prioritised for the most vulnerable de-
veloping countries, such as the least developed 
countries, small island developing States and 
Africa. In the context of meaningful mitiga-
tion actions and transparency on implementa-
tion, developed countries commit to a goal of 
mobilizing jointly USD 100 billion dollars a 
year by 2020 to address the needs of developing 
countries. This funding will come from a wide 
variety of sources, public and private, bilateral 
and multilateral, including alternative sources of 
finance. New multilateral funding for adaptation 
will be delivered through effective and efficient 
fund arrangements, with a governance structure 
providing for equal representation of developed 
and developing countries. A significant portion 
of such funding should flow through the Copen-
hagen Green Climate Fund.
9. To this end, a High Level Panel will be estab-
lished under the guidance of and accountable 
to the Conference of the Parties to study the 
contribution of the potential sources of revenue, 
including alternative sources of finance, towards 
meeting this goal.
10. We decide that the Copenhagen Green Climate 
Fund shall be established as an operating entity 
of the financial mechanism of the Convention 
to support projects, programme, policies and 
other activities in developing countries related 
to mitigation including REDD-plus, adaptation, 
capacity-building, technology development and 
transfer.
Box 3.1 Forest-related issues in the Copenhagen Accord
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excessive carbon in the atmosphere; REDD+ should 
also further the permanent preservation of forested 
ecosystems and provide sustainable income for some 
of the world’s poorest people. Effective emission 
reduction, efficient cost of implementation, and eq-
uitable sharing of benefits are not enough. REDD+ 
should generate co-benefits, including among oth-
ers, conserving biological diversity, regulating wa-
ter regimes, and eradicating poverty. But REDD+ 
competes with a multitude of interests inside and 
outside the forest sector. REDD+ happens in specific 
national circumstances, specific national governance 
conditions, and in an existing institutional multi-level 
landscape shaped by actors, interests, and develop-
ment objectives.
What are the challenges related to all this? How 
can we stop deforestation and forest degradation 
now, especially if we look at all the efforts during the 
past 40 years and more, which, basically, have failed? 
Will REDD+ incentives be sufficient to stimulate 
afforestation, forest restoration, and forest conserva-
tion at significant scales? Is REDD+ a game changer? 
This paper analyses the challenges and major gaps 
that developing countries are facing when planning 
their national strategies for the implementation of 
REDD+ schemes.
3.2 What is REDD+?
The central idea behind REDD+ is to achieve reduc-
tions of greenhouse gas emissions from deforestation 
and forest degradation, and increased removals of 
GHGs from the atmosphere by forests in developing 
countries through a set of mechanisms that allow 
fewer forests to be converted to other uses, more 
existing forests to be protected and managed in a way 
that conserves forest carbon stocks, and through poli-
cies and measures that increase forest carbon stocks 
through restoration and other activities.
In terms of policies, a national REDD+ scheme 
can deploy various policy instruments to achieve its 
goals, among which could be: (a) reform of sectoral 
polices in forestry, agriculture, energy, and other 
sectors in order to reduce deforestation and forest 
degradation, and broader cross-sectoral reforms like 
tenure, decentralisation, etc. to enable REDD+; (b) 
introduction of performance-based payments for car-
bon sequestration services, i.e., to pay forest owners 
and users to reduce emissions or increase carbon 
sinks; and (c) development of national programs for 
promoting various REDD+ actions.
The thirteenth session of Conference of the Par-
ties (COP) of the United Nations Framework Con-
vention on Climate Change (UNFCCC) in Bali in 
2007 approved the “Bali Action Plan,” which defined 
REDD (Reduced Emissions for Deforestation and 
Forest Degradation) as:
… policy approaches and positive incentives on is-
sues relating to reducing emissions from deforesta-
tion and forest degradation in developing countries; 
and the role of conservation, sustainable manage-
ment of forests, and enhancement of forest carbon 
stocks in developing countries (UNFCCC Decision 
2/CP.13–11).
Since Bali, the discussion on REDD has evolved, 
and the term REDD+ was coined in the negotia-
tions leading to Copenhagen in 2009. REDD+ can 
be considered as a broad “umbrella term” for actions 
that reduce emissions from deforestation and for-
est degradation, and enhance forest carbon stocks 
in developing countries (REDD+) (Angelsen et al. 
2009).
The draft text on REDD+ that emerged from 
Copenhagen from the discussions of the Ad-hoc 
Working Group on Long Term Cooperative Action 
under the Convention, in one of the parallel negotia-
tions, specifies five types of actions considered to be 
included under REDD+. The first two are the two 
“original” REDD actions of (1) reducing emissions 
from deforestation, and (2) reducing emissions from 
forest degradation, and three others representing the 
“+”: (3) conservation of forest carbon stocks, (4) 
sustainable management of forests, and (5) enhance-
ment of forest carbon stocks.
Carbon stocks (C) in forests, or in any land use, 
can be estimated by two variables: (i) area of forest 
in concern (A); and (ii) carbon stock density per 
unit area (D) (IPCC 2000 and 2003, Kauppi et al 
2006). Thus C = A × D. Emissions from deforesta-
tion and forest degradation, or their reduction, are 
estimated either as the difference of carbon stocks 
at two moments in time (stock-change approach), 
or as an estimate the net balance of additions to and 
removals from a carbon pool (gain-loss approach) 
(IPCC 2006). In simplistic terms, the REDD+ actions 
are aimed both at changes in forest area (A) and in 
carbon stocks of forests (D). In practice, the five 
REDD+ actions described above can be implemented 
in various ways that affect both the forest area and 
the carbon stock density per unit area, separately or 
simultaneously, as described in Table 3.1.
The actions described in Table 3.1 are only il-
lustrative examples of different kinds of activities 
that could be implemented under a REDD+ scheme. 
They are not mutually exclusive. For instance, the 
control of forest fires – mentioned in the table under 
forest degradation – can be an effective and efficient, 
and often a necessary, management tool for reducing 
emissions also in forest management, forest conser-
vation, and enhancement of forest carbon stocks.
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3.3 REDD+ Potential, Costs, 
and Funding Needs
Recent estimates indicate that halving deforesta-
tion rates would require an investment of about 7 
to 30 billion USD per year (Eliasch 2008, Grieg-
Gran 2008, Lubowski, 2008). This is about 5–25% 
of the volume of current global carbon markets in 
2008 (Hamilton et al. 2009), or about the same order 
of magnitude as the annual financial flows (official 
development assistance & investments) to the for-
estry sector in developing countries (El Lakany et 
al. 2007). For global carbon markets, REDD may 
not become a major player any time soon, but for 
the forestry sector in developing countries, this can 
represent a major increase in forest funding.
The Informal Working Group for Interim Finance 
for REDD (IWG-IFR) – formed by 34 countries and 
the European Commission – estimated that with the 
financing of 15–25 billion Euros (approximately 
20–34 billion USD, or about 3–6 billion USD per 
year) for the 2010–15 period for REDD+ efforts, a 
25% reduction in annual global deforestation rates 
may be achievable by 2015 (IWG IFR 2009). This 
is in line with other estimations discussed above. At 
the UNFCCC COP 15 in Copenhagen, six countries 
(Australia, France, Great Britain, Japan, Norway, and 
the United States of America) committed 3.5 billion 
USD to a scheme as initial financing toward curb-
ing deforestation and forest degradation between 
2010 and 2012. This is close to the sum estimated 
by IWG IFR.
For avoided degradation, only a few estimations 
of potential exist. The IPCC 4th assessment (Nabuurs 
et al. 2007) does not present figures for the potential 
of avoided degradation as such, but it estimates that 
the global potential for “forest management” in terms 
of reduced emissions is 5780 MtCO
2
 per year (1.6 
GtC per year), which is about 42% of the total miti-
gation potential of the forestry sector between 2010 
and 2030. Putz et al. (2008) estimated that carbon 
stocks in forests with improved management are pre-
dicted to be about 30 MgC/ ha higher than those in 
conventionally logged forests. Using this as a proxy, 
we can estimate that to achieve the IPCC mitigation 
potential, about 52 million hectares should be man-
aged under “avoided-degradation” schemes. This is 
Table 3.1 Schematic representation of REDD+ actions in terms of changes in forest area 
and carbon stock density per unit area; and some examples on possible implementation of 
these actions in a REDD+ scheme.
REDD+ actions Examples of REDD+ actions
 Changes in the area Changes in the carbon stock per unit area
Deforestation Reduce the area of forests If deforestation cannot be avoided,
 converted to other uses prioritise conversion to areas with low carbon
  density (e.g., degraded lands)
Forest degradation Reduce the area of forests Minimise the reduction of carbon stocks
 where degradation occurs in current land management practices and
  increase carbon stocks per unit area through
  through improved land management practices,
  e.g., through control of forest fires, etc.
Forest management Maintain and increase area Minimise the reduction of carbon stocks
 of production forest under in forest management practices through
 sustainable management reduced impact logging and other
  improved forest management practices
Forest conservation Maintain the area of intact Maintain the carbon stocks in forests
 forests (e.g., in protected areas) through effective conservation and
  development measures, law enforcement,
  land-use planning, etc.
Enhancement of forest Increase area under sustainable Increase carbon stocks per unit area
carbon stocks forest and land management through improved land management practices,
 practices and through longer rotation periods, denser stocking,
 afforestation and through forest restoration, rehabilitation
  of degraded woodlands, etc.
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about three times the Forest Stewardship Council 
(FSC) certified forest area in the tropics, or about 
half of total forest area under FSC certification (Nasi 
and Frost 2009).
The challenges related to the role of forests in the 
global carbon cycle and in the mitigation of climate 
change are very different in developing countries – 
which is the focus of this article – compared to north-
ern, industrialised countries (see Box 3.2). Whether 
or not the possible implementation of REDD+ in 
developing countries eventually leads to a compre-
hensive climate change mitigation regime for global 
forests remains to be seen.
The implementation of REDD+ will not be an 
easy task. For decades, many donors worldwide have 
invested billions of dollars in conservation and de-
velopment efforts to save tropical rainforests, with 
disappointing results. Why would conservation work 
now? Much deforestation is due to causes outside 
the forest sector, many of them related to overall 
development and globalised economies (Kanninen 
et al. 2007). For instance, the Amazon forest is being 
cleared mainly due to agricultural expansion of cattle 
and soybeans (Wertz-Kanounnikoff et al. 2008). In 
Asia, most of the tropical forests are under pressure 
of conversion to plantations of oil palm and fast-
growing timber for the pulp industry (Kanninen et 
al. 2007, Eliash 2008). Understanding these external 
causes is crucial to identifying appropriate incentives 
to curb deforestation. Financing REDD+ may require 
significant international funding to target these un-
derlying causes of deforestation and forest degrada-
tion, e.g., those described above (Kanninen et al. 
2007). Other reform processes or good governance 
initiatives (for example Forest Law Enforcement, 
Governance and Trade, FLEG) in the forest sector 
confirm the above needs and offer many lessons to 
learn for a successful implementation of REDD+.
3.4 Institutions, Capacity, and 
Governance Gaps
Weak institutional and governance environments are 
a reality in many developing countries with signifi-
cant forest resources. In many cases, these countries 
are characterised by weak institutions, inconsistent 
and complicated laws, problems with land tenure, 
poor forest law enforcement, corruption, and lack 
of transparency. Thus, any effort for building a cred-
ible REDD+ scheme must incorporate long term ef-
forts to create and reform institutions, strengthen the 
processes of governance, and build the capacity to 
implement new models of forest management (Kan-
ninen et al. 2007).
As part of a global climate deal, a REDD+ miti-
gation mechanism must have a credible system for 
measuring, reporting, and verifying (MRV) chang-
es in forest carbon stocks, and countries must set 
Photo 3.1 REDD+ can represent a major increase in forest funding for the forestry sector in developing 
countries (Angavo, Madagasgar).
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up compliant MRV systems. As discussed earlier 
(Section 3.2, Table 3.1), the two main variables to 
be measured and estimated to calculate the carbon 
stocks and changes in them are (i) the forest area and 
changes in it, and (ii) carbon stocks (carbon pools) 
per unit area of forest, or any land use and changes 
in them (IPCC 2003).
A recent assessment of national forest monitor-
ing capabilities in tropical countries (Herold 2009) 
indicated that of the 99 countries assessed, less than 
20% of them have completed a national greenhouse 
gas inventory. Only three countries currently had 
capabilities that were considered to be very good 
for both forest area change monitoring and for for-
est inventories (estimation of carbon stocks). Only 
about half of the countries had good or very good 
capabilities in any one of these categories.
According to the above assessment, the major 
shortcomings in the current monitoring capacities 
grouped according to IPCC reporting principles 
(IPCC 2003) were: (a) lack of consistency of es-
timations, (b) lack of transparency of information 
sources, (c) poor comparability of results due to lack 
of common methodologies, (d) lack of completeness 
due to lack of suitable data, and (e) limited informa-
tion on sources of error and uncertainty levels.
The results described above illustrate the chal-
lenges that we are facing in terms of building ad-
equate MRV capacity in countries participating in the 
REDD+ schemes. Two major international initiatives 
– Global Forest Carbon Partnership Facility (FCPF) 
and UN-REDD Programme – have developed mech-
anisms and raised international funds for building 
capabilities in MRV and other relevant aspects of 
implementing REDD+ schemes (see Box 3.3).
More than two-thirds of the 37 “REDD Readi-
ness” countries of the FCPF (see Box 3.3 for the list 
of countries) rank in the bottom half of the World 
Bank’s survey of governance indicators (Kaufmann 
et al. 2009), a study that covers more than 200 coun-
tries and measures six dimensions of governance 
between 1996 and 2008: (1) voice and accountability, 
(2) political stability and absence of violence/ter-
rorism, (3) government effectiveness, (4) regulatory 
quality, (5) rule of law, and (5) control of corruption 
(Figure 3.1).
Box 3.2 Role of northern forests
Gert-Jan Nabuurs
The temperate and boreal forests of the Northern 
Hemisphere comprise 1.9 billion ha of forests, of 
which some two-thirds remain relatively unaffected 
by humans. The annual change in area in these 
forests was a net increase of 4.5 million ha per 
year in the period 2000–2005 (FAO 2007). These 
forests are thought to be the main biome taking 
up carbon for decades (Bousquet et al. 2000, Den-
man et al. 2007). There is general agreement about 
this, but the magnitude, location, and causes of this 
terrestrial carbon sink have remained uncertain. 
Generally, it is believed that the large primary tracts 
of boreal forest went through a phase of vegeta-
tion recovery in the past decades. In addition, the 
European and US temperate forests are believed to 
benefit from improved management and vegetation 
recovery from plantings in the past. Furthermore, 
forests of the Northern Hemisphere are affected by 
increased CO
2
 concentrations and nitrogen deposi-
tion, leading to additional growth, and thus further 
stimulating the carbon sink.
Even though forests in the Northern Hemi-
sphere are in a totally different state than tropi-
cal forests, they could still benefit from REDD+ 
regimes:
a) The continuous build up of biomass that we 
have seen in past decades cannot go on for-
ever; clearly, these forests are reaching their 
maximum. Natural disturbances are increasing 
in Europe and Canada (Schelhaas et al. 2003, 
Kurz et al. 2008). Some form of degradation 
is taking place, and may become worse under 
future climate change. Would this make these 
forests eligible for REDD+?
b) These forest areas are expanding on a net basis. 
But if we look at the gross dynamics of land use 
changes, then there is deforestation going on as 
well. Through urban sprawl, infrastructure, etc, 
this form of deforestation can amount up to a few 
hundred thousand hectares per year in Europe. 
This is a significant loss of carbon. Does this fall, 
in the future, under Article 3.3 (the “D”), or can 
this become part of a REDD+ regime?
c) Management has a large influence on carbon dy-
namics. The IPCC designed active management 
as optimal for the carbon balance in the long run 
(Nabuurs et al. 2007). In the long term, a sustain-
able forest management strategy aimed at main-
taining or increasing forest carbon stocks, while 
producing an annual sustained yield of timber, 
fibre or energy from the forest, will generate the 
largest sustained mitigation benefit. So then, do 
these northern forests comply to the “+” part of 
REDD+?
Can we design a comprehensive regime for global 
forests out of this? This remains a challenge.
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Box 3.3 FCPF and UN-REDD
The Forest Carbon Partnership Facility (FCPF) is a 
World Bank program to assist developing countries 
in their efforts to reduce emissions from defores-
tation and forest degradation (REDD) by provid-
ing value to standing forests. It was announced at 
COP13 in Bali in December 2007, and became 
operational in June 2008.
The FCPF’s objectives are (a) building capac-
ity for REDD in developing countries in tropical 
and subtropical regions, and (b) testing a program 
of performance-based incentive payments in some 
pilot countries, on a relatively small scale, in order 
to set the stage for a much larger system of positive 
incentives and financing flows in the future.
Two separate mechanisms have been set up to 
support FCPF’s objectives:
◆ Readiness Mechanism and Readiness Fund, 
through which FCPF is assisting countries to 
prepare a national REDD+ strategy through 
inclusive multi-stakeholder consultations; start 
building capacity in monitoring, reporting, and 
verification (MRV); and begin demonstration 
activities.
◆ Carbon Finance Mechanism and Carbon Fund. 
FCPF expects that around five countries that will 
have made significant progress towards REDD 
readiness will also participate in the Carbon Fi-
nance Mechanism and receive financing from 
the Carbon Fund, through which the Facility will 
implement and evaluate pilot incentive programs 
for REDD based on a system of compensated 
reductions.
At the moment, 37 countries from Asia, Latin and 
Central America, and Africa have been selected 
into the Readiness Mechanism based on Readiness 
Plan Idea Notes (R-PINs) prepared by the countries. 
These countries are: Argentina, Bolivia, Cambodia, 
Cameroon, Central African Republic, Chile, Co-
lombia, Costa Rica, Democratic Republic of Congo, 
El Salvador, Equatorial Guinea, Ethiopia, Gabon, 
Ghana, Guatemala, Guyana, Honduras, Indonesia, 
Kenya, Lao People’s Democratic Republic, Liberia, 
Madagascar, Mexico, Mozambique, Nepal, Nicara-
gua, Panama, Papua New Guinea, Paraguay, Peru, 
Republic of Congo, Suriname, Tanzania, Thailand, 
Uganda, Vanuatu, and Vietnam. These countries 
account for about two-thirds of global deforesta-
tion, and about 20% of global forest cover (FAO 
2005).
So far, about 100 million USD has been con-
tributed by 11 donor countries (Australia, Den-
mark, Finland, France, Japan, Netherlands, Nor-
way, Spain, Switzerland, United Kingdom, and the 
United States) to the Readiness Fund. The target 
is to raise 185 million USD to support the REDD 
Readiness efforts of the 37 countries selected into 
the FCPF. The target for the Carbon Fund is 200 
million USD, of which about 51 USD has been 
pledged already.
The United Nations Collaborative Programme 
on Reducing Emissions from Deforestation and 
Forest Degradation in Developing Countries (UN-
REDD Programme) is a collaborative program 
between FAO, UNDP, and UNEP. A multi-donor 
trust fund was established in July 2008 that allows 
donors to pool resources and that provides funding 
for activities towards this program.
The UN-REDD Programme aims at changing 
a developing country’s economic balance in favour 
of sustainable management of forests so that their 
economic, environmental, and social goods and 
services benefit countries, communities, and for-
est users while also contributing to reductions in 
greenhouse gas emissions. The aim of the program 
is to generate the requisite transfer of resources 
to significantly reduce global emissions from de-
forestation and forest degradation. The immedi-
ate goal is to assess whether carefully structured 
payment structures and capacity support can create 
the incentives to ensure actual, lasting, achievable, 
reliable, and measurable emission reductions while 
maintaining and improving the other ecosystem ser-
vices forests provide.
The UN-REDD Programme Fund is admin-
istered by the Multi-Donor Trust Fund (MDTF) 
Office of the United Nations Development Pro-
gramme (UNDP) in accordance with its financial 
regulations and rules. So far, about 50 million USD 
has been contributed by two donor countries (Den-
mark and Norway).
The UN-REDD Programme works at both 
the national and at the international level. Within 
countries, the UN-REDD Programme supports 
processes for REDD readiness and contributes to 
the development of national REDD strategies. At 
the moment, the UN-REDD program countries are: 
Bolivia, Democratic Republic of Congo, Indonesia, 
Panama, Papua New Guinea, Paraguay, Tanzania, 
Viet Nam, and Zambia. At the international level, 
the UN-REDD Programme seeks to build consen-
sus and knowledge about REDD, and raise aware-
ness about the importance of including a REDD 
mechanism in a post-2012 climate change agree-
ment. It also provides opportunities for dialogue 
between governments, civil society organisations, 
and technical experts to ensure that REDD efforts 
are based on science and take into account the views 
and needs of all stakeholders.
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The results described above illustrate the chal-
lenges that we are facing in terms of having ade-
quate governance structures, institutions, and human 
capital in place to make REDD+ schemes work. In 
many countries, this may require a profound and 
transformational change in terms of new policies and 
practices to ensure transparency, accountability and 
efficient spending of REDD+ revenues, and disclo-
sure of and access to information. This means that 
the countries need to set up monitoring, reporting, 
and verification (MRV) systems for flows of money 
as well as carbon (Seymour and Angelsen 2009).
Testing through pilots is the most immediate step 
to take and to learn while doing real activities on 
the ground. At this level, following national policies 
should be advisable to align with the overall readi-
ness phase initiated by governments, depending on 
the national circumstances. They would eventually 
adopt the policies and measures when the capacity of 
the participating proponent is fully established. The 
absence of the rules and modalities should not hinder 
a project proponent in starting early. The indicative 
guidelines provided by COP decision 2/CP13 should 
suffice for the process.
Depending on the local circumstances, the design 
of REDD+ at the site level will determine how car-
bon benefits will be balanced by other co-benefits. 
Biodiversity benefits could be included by adding 
appropriate certification standards (Harvey et al. 
2010).
3.5 Shaping the National 
REDD+ Structure and Agenda
The above described country-specific context will 
determine options for realising REDD+. At the na-
tional level, REDD shapes, or will be shaped by, 
the political economy of forests in the respective 
country, and a multitude of actors with their individ-
ual interests will negotiate options for REDD+ and 
decide about countries’ REDD+ design. Figure 3.2 
shows the three main elements of national REDD+ 
architecture: (a) incentives, (b) information, and (c) 
institutions.
At the international level, REDD+ funds may 
originate from carbon markets and international 
funds (of voluntary contributions or linked to car-
bon markets). At the national level, funds can be 
channelled either as support to governments or 
related institutions, or to separate REDD+ funds. 
Direct support for projects is also possible (Wertz-
Kanounnikoff and Angelsen 2009).
REDD+ incentives flow from international sourc-
es to a national fund or to regular budgets (e.g., min-
istries of finance) and then to the sub-national level 
through the government budget or direct payments to 
carbon rights holders. Carbon rights holders include 
private landholders, communities, concession hold-
ers, and government agencies.
Figure 3.2 also shows how payments from 
performance-based international markets can flow 
directly to local carbon rights holders without pass-
ing through national REDD+ funds or government 
budgets. This would occur in the sub-national and 
nested approaches (Pedroni et al. 2009). One of 
the key challenges represented here is the degree 
of uncertainty about the outcomes of the interna-
tional debates, and the requirements for a REDD+ 
architecture at national level to respond to those. In 
countries like Papua New Guinea, however, where all 
forest lands are under customary ownership, REDD+ 
benefits could directly reach the forest communities 
(Melick 2010).
The second element is REDD+ information, i.e., 
data on forest emissions reduced or carbon stocks 
enhanced from each forest by type and location. This 
information will be gathered and processed through a 
national, regional, or international MRV system and 
Figure 3.1 The World Bank’s six Governance 
Indicators in the “REDD Readiness” coun-
tries of the FCPF (n= 37) and in all the coun-
tries (n = 212). Source data: Kaufmann et 
al. (2009). The lower boundary of the box 
indicates the 25th percentile, a line within 
the box marks the median, and the upper 
boundary of the box indicates the 75th per-
centile of the data. Whiskers (error bars) 
indicate the 90th and 10th percentiles.
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submitted to a national REDD+ payment authority, 
a UNFCCC institution, and to international buyers 
of REDD+ credits. Payments to local carbon rights 
holders will be performance-based and determined 
by this information. Key issues arising in national 
debates around this element are the definition of 
where should REDD+ happen (e.g., what forest will 
be eligible for REDD+, who has the right to benefit, 
etc.), what degree of disclosure of information (who 
reports to whom, who has access to what informa-
tion), and who will measure, report, and verify (na-
tional sovereignty, local capacities, etc.).
The third element is REDD+ institutions. These 
will manage the flow of information on changes in 
forest carbon stocks between levels and the flow of 
incentives to carbon rights holders. These institutions 
could build on existing institutions, and would in-
clude a REDD+ payment authority and an MRV sys-
tem. The national REDD+ funding authority would 
decide on the most appropriate way to channel funds 
from the international to the sub-national level and 
what would constitute an equitable distribution of 
benefits (funds) from REDD+ activities.
In a national REDD+ scheme, funding – either 
from international or national funds – may be used 
in three main ways (Figure 3.3):
Capacity building and readiness. Funds are spent to 
develop a national REDD+ strategy, on consulta-
tions, and to develop MRV capabilities. It also 
includes money spent to set up demonstration ac-
tivities, which both build capacity and help learn-
ing, and also reduce and remove emissions. (See 
Box 3.3 on international FCPF and UN-REDD 
programs and funds for increasing readiness.)
National policies to address the drivers of deforesta-
tion and forest degradation or to stimulate other 
forest mitigation activities (e.g., forest restora-
tion). Funds are spent on policies and measures 
(PAMs) to address the underlying drivers of de-
forestation and forest degradation. This includes 
regulating demand for agricultural and forest 
products, tenure reforms, land use planning, bet-
ter governance, and law enforcement.
Performance-based REDD+ activities. Funds are 
spent on payments for performance or results, 
which requires performance measurement in the 
form of quantified forest carbon stock changes.
Most probably, new institutional arrangements are 
needed to manage technical, financial, administra-
tive, and supervisory aspects related to these trans-
actions. However, in most cases, the direction of 
institutional change will depend on existing struc-
tures. It is important to note that some institutions 
and their functions will most likely evolve over time 
to respond to the changing demands in the different 
phases of the REDD+ implementation process, in-
cluding the possible transition from a sub-national or 
nested approach to a fully national approach where 
project-level activities need to be integrated into the 
national system. At the national level, this will re-
quire flexibility as a key feature in the institutional 
architecture for REDD.
REDD funds 
(national or subnational)
Information
Regular budgets
(national or subnational 
government)
Incentives
Subnational 
activities 
International carbon marketsGlobal funds Global readiness funds
Verication
Monitoring, 
reporting
Institutions
Policies and 
measures 
(PAM)
Performance
payments 
(e.g. PES)
Community
Private
State (conservation)
State (production)
Forest management types
Community
Land owner
National and subnational 
government agency
Concession holder
Carbon rights holder
Consumers
Farmers
Environmental services users
Energy users
Other stakeholders
Figure 3.2 Conceptual model for national REDD+ architecture. Redrawn from Wertz-Kanounnikoff 
and Angelsen (2009).
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Key challenges in the institutional REDD+ set-up 
can be related to (1) the rigidity in institutional path-
ways, which shapes and incorporates REDD+ in such 
a way that it limits the effectiveness of REDD+, and 
may repeat historical failures in forest sector reforms 
rather than result in an institutional landscape that 
is shaped by REDD and that can meet the REDD+ 
agenda objectives; (2) the institutional capacity to 
translate technical information coming out of the 
MRV system into a financial action to identify re-
cipients and transfer money; and (3) the process of 
coordination, horizontally and vertically, of REDD+ 
design, implementation, and evaluation.
In general, the main future challenges in estab-
lishing a national REDD+ structure and agenda in-
clude the following:
Scope: What is the relative emphasis given to re-
ducing emissions from the five REDD+ actions 
described in Table 3.1: deforestation, degradation, 
forest management, conservation, and carbon 
stock enhancement?
Scale: What is level of accounting and crediting to 
be recognised in an international agreement? Is 
the national REDD+ scheme based on national, 
sub-national, or nested approaches (see Pedroni 
2009)?
Reference levels: What are the criteria and proce-
dures to use for establishing reference levels? 
Are historical baselines used? How do we inter-
pret “national circumstances” and the principle 
of “common but differentiated responsibilities” 
(see Angelsen 2008)?
Leakage: How is leakage to be avoided? What are 
the monitoring and control schemes that have to 
be in place at different scales?
Permanence: What is the framework for continu-
ous monitoring to verify permanence? How will 
social and environmental risks be managed and 
minimised?
Financial mechanisms: What are the funding sourc-
es and delivery mechanisms (e.g., international 
funds, national funds, carbon markets, hybrid so-
lutions)? What is the level of funding required for 
implementing an effective REDD+ scheme?
Governance, institutions, and coordination: What is 
the governance and institutional structure of the 
REDD+ scheme? How do we build adequate hu-
man and institutional capacity cost-efficiently?
Participation of indigenous people and local commu-
nities, and rights: How will adequate consultation 
and participation in decision making processes 
be ensured? What will be the type and extent of 
safeguards and appropriate benefit-sharing ar-
rangements?
Co-benefits: What is the relative emphasis on climate 
benefits vs. co-benefits, in particular poverty alle-
viation, biodiversity conservation, and sustainable 
development? What safeguards should be built 
into REDD+ activities to ensure that REDD+ 
activities do not negatively affect these benefits 
of forests?
To respond to these challenges in a way that is ef-
ficient, effective, and equitable, further political 
commitment to a REDD+ structure is required, as 
well as a balancing of a multitude of powerful actors 
and their respective interests in forests and forest 
land resources while setting the agenda for realising 
REDD+ (Peskett and Brockhaus 2009).
Local or private
projects 
Market
intermediaries  
National
programmes 
International funding
(international carbon
markets, global funds)
Separate
national fund 
National fund in
state administration
State
budgets 
Sector policies
Project based    National funds   Budget support
Figure 3.3 Options for national REDD+ funding architecture. Redrawn from Vatn 
and Angelsen (2009).
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3.6 Ways Forward
REDD+ as a climate change mitigation instrument 
will only be able to proceed at a pace that allows the 
meaningful participation of all relevant stakehold-
ers in consensus-building, with regard to the way 
forward in how best to harness forests resources for 
climate change mitigation.
Several countries are proposing a phased ap-
proach for incorporating REDD+ into the post-2012 
climate regime over a period of time and through 
(possibly overlapping) phases (Eliasch 2008, Stern 
2008, Meridian Institute 2009a and 2009b, Wertz-
Kanounnikoff and Angelsen 2009). The main rea-
son for this is that sufficient time is needed to build 
credible global and national institutional structures 
and capabilities. Institutions and mechanisms need 
to be able to match the scale of the challenge and 
build trust between the actors while being flexible 
enough to adjust to changing circumstances during 
the evolution of the process.
A widely accepted approach includes three phas-
es. In the first “readiness” phase, the objective is to 
build institutional and human capacity in REDD+ 
countries for measuring, monitoring, and verifica-
tion; to prepare national REDD+ strategies through 
multi-stakeholder process; and to implement demon-
stration activities for “learning by doing.” The second 
phase is characterised by a “programmatic approach” 
mixed with incipient markets for RDDD+ credits 
where countries focus on implementing polices and 
measures to reduce emissions (Wertz-Kanounnikoff 
and Angelsen 2009) while creating an operating en-
vironment where the results of demonstration activ-
ities are starting to attract investors (Eliasch 2008). 
In the third phase, as long-term commercial returns 
on REDD+ investment become clear, mainstream 
financiers, investors, and insurers enter the market 
(Eliasch 2008).
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Abstract: Growing awareness of air pollution effects on forests has, from the early 
1980s on, led to intensive forest damage research and monitoring. This has fostered 
air pollution control, especially in Europe and North America, and to a smaller extent 
also in other parts of the world. At several forest sites in these regions, there are first 
indications of a recovery of forest soil and tree conditions that may be attributed to 
improved air quality. This caused a decrease in the attention paid by politicians and 
the public to air pollution effects on forests. But air pollution continues to affect the 
structure and functioning of forest ecosystems not only in Europe and North America 
but even more so in parts of Russia, Asia, Latin America, and Africa. At the political 
level, however, attention to climate change is focussed on questions of CO2 emission 
and carbon sequestration. But ecological interactions between air pollution including 
CO2 and O3 concentrations, extreme temperatures, drought, insects, pathogens, and 
fire, as well as the impact of ecosystem management practices, are still poorly under-
stood. Future research should focus on the interacting impacts on forest trees and 
ecosystems. The integrative effects of air pollution and climatic change, in particular 
elevated O3, altered nutrient, temperature, water availability, and elevated CO2, will 
be key issues for impact research. An important improvement in our understanding 
might be obtained by the combination of long-term multidisciplinary experiments with 
ecosystem-level monitoring, and the integration of the results with ecosystem modelling 
within a multiple-constraint framework.
Keywords: pollution, climate change, monitoring, sulphur, nitrogen, ozone, carbon 
dioxide
■
GLOBAL ENVIRONMENTAL CHANGES
4.1 Introduction
Air pollution impacts on forests have been known for 
about two millennia. The ancient Romans and Greeks 
described typical symptoms of air pollution damage 
in the immediate vicinity of their foundries. Reports 
on forest damage, even dieback, became more fre-
quent in the medieval era, and subsequently, even 
more so during the Industrial Revolution. For more 
than a century, acid precipitation and other forms of 
localised air pollution had been identified as causing 
“classical smoke damage,” i.e. damage to forests that 
could be explained by the influence of air pollution 
released by nearby identifiable sources.
In the late 1970s and early 1980s, increasing 
forest decline was observed in many parts of Eur-
ope; in many cases, it was attributed to the impact 
of long-range transboundary air pollution (Schütt 
1979, Manion 1981, Ulrich 1981). Long-term forest 
monitoring in Europe has shown that forest condi-
tions there deteriorated far less dramatically than was 
feared two decades ago. However, three decades of 
research on forest damage, including the results of 
recent forest monitoring, has revealed that earlier 
hypotheses developed by forest researchers have held 
true in many forest ecosystems across Europe. For 
example, critical loads of sulphur and nitrogen were 
exceeded on the majority of the forest monitoring 
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sites (Lorenz et al. 2008). These findings are sup-
ported by monitoring and research results in Russia, 
Asia, and North America. At the same time, however, 
public, political, and scientific debates are focussing 
on climate change while attention to air pollution 
effects on forests is decreasing. Against this back-
ground, the aims of the present chapter are to provide 
the following:
◆ an assessment of the status of, and the trends in, air 
pollution in industrialised regions of the world;
◆ a demonstration that, in many regions of the world, 
air pollution continues to affect forest health;
◆ a description of important cause-effect relation-
ships;
◆  an analysis of the relationships and synergies be-
tween air pollution and climate change;
◆ examples of the mitigation of air pollution and its 
effects;
◆ conclusions regarding gaps in knowledge and 
awareness of the role of air pollution in climate 
change.
For this purpose, Section 4.2, as a starting point, 
refers to the most important air pollutants and their 
sources, with emphasis on spatial differences and 
temporal developments. Special attention is paid 
to ozone (O
3
) because of its importance in climate 
change. Section 4.3 describes the main impacts on 
forests, giving examples from different regions of 
the world. Interactions between air pollution and 
climate change are reported in Section 4.4. Good 
examples for successful mitigation of air pollution 
and its effects are given in Section 4.5. Section 4.6 
draws conclusions on gaps in knowledge and on the 
awareness of the public, politicians, and scientists on 
the role of air pollution in climate change.
4.2 Air Pollutants Affecting 
Forest Health
4.2.1 Main Pollutants and Sources of 
Their Emissions
Air pollutants may impact trees as both wet and dry 
deposition. Wet deposition comprises rain, hail, and 
snow, and is largely determined by atmospheric pro-
cesses. Dry deposition consists of gases, aerosols, 
and dust, and is largely influenced by physical and 
chemical properties of the receptor surface. Forests 
receive higher deposition loads than open fields, 
depending on the tree species and canopy structure. 
A higher roughness of the canopy causes higher air 
turbulences and more intensive interactions between 
the air and the foliage. The interception of pollut-
ants by the foliage in turn is determined by such 
factors as leaf area index, leaf shape, leaf surface 
roughness, and stomata size. Dry deposition accu-
mulated on the foliage is washed off by precipita-
tion and enhances the deposition under the canopy 
(throughfall) in comparison to deposition in an open 
field (bulk deposition). Moreover, throughfall is in-
fluenced by two components of canopy exchange: 
canopy leaching and canopy uptake of elements. The 
main air pollutants involved in forest damage are 
sulphur compounds, nitrogen compounds, ozone, 
and heavy metals.
Sulphur dioxide (SO
2
) was the first air pollutant 
found to cause damage to trees (Stöckhardt 1871). 
Its air concentrations increased rapidly in central 
Europe when it was released into the atmosphere 
by the combustion of fossil fuels during the course 
of industrialisation occurring at the end of the 19th 
century. While damaging trees directly via their fo-
liage, SO
2
 also reacts with water in the atmosphere 
to form sulphurous acid (H
2
SO
3
) and sulphuric acid 
(H
2
SO
4
), thus contributing to the formation of acid 
precipitation and hence to indirect damage of trees 
(see below). The detection of widespread forest 
decline in the late 1970s and early 1980s, also in 
European forest areas remote from industries, raised 
concerns that this decline might be caused by long-
range atmospheric transport of pollutants, mainly 
SO
2
. Throughout the middle of the 20th century, 
growing awareness of long-range transboundary 
air pollution threats of acidification to aquatic and 
terrestrial ecosystems, triggered air pollution con-
trol policies from the late 1960s on. This lead to 
the establishment of the Convention on Long-range 
Transboundary Air Pollution (CLRTAP) under the 
United Nations Economic Commission for Europe 
(UNECE) in 1979. CLRTAP, the European Union 
(EU), and the laws in many nations started regulat-
ing the reduction of sulphur emissions as early as 
three decades ago. As a result, sulphur emissions in 
many industrialised countries today are considerably 
lower than they were 30 years ago. In Russia, SO
2
 
emissions dropped by 38% from 1980 to 1990. In 
the same period, they decreased by 9% in the United 
States of America (USA), and by 17% in Europe. In 
Europe, there was a further decrease to 60% between 
1980 and 2000 (UNECE 2004).
Nitrogen oxides (NOx) are released into the at-
mosphere in the course of various combustion pro-
cesses in which nitrogen (N) in the air is oxidised 
mainly to nitrogen monoxide (NO), with a small 
admixture of nitrogen dioxide (NO
2
). In daylight, NO 
is easily converted to NO
2
 by photochemical reac-
tions involving hydrocarbons present in the air. Both 
gases, especially NO, are also produced biologically 
by soil bacteria during nitrification, denitrification, 
and decomposition of nitrite (NO
2
–) (Finlayson-
Pitts and Pitts 2000). These emissions can be quite 
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substantial when they come from highly fertilised 
agricultural soils and forests exposed to high levels 
of nitrogen deposition (Erisman et al. 2008). Emis-
sions from transportation are important sources of 
NOx. For instance, in the USA, out of 23.19 Tg total 
NOx emitted in 2002, 12.58 Tg could be attributed to 
transportation emissions (EPA 2008). Large amounts 
of NOx are also emitted from chemical factories, e.g., 
during the production of fertilisers (Finlayson-Pitts 
and Pitts 2000). Fertiliser production, excessive N 
fertilisation, and livestock farming are also impor-
tant sources of nitrogen-containing ammonia (NH
3
) 
emissions.
In spite of this, emissions and concentrations of 
NOx in many industrialised countries have recently 
significantly decreased. For example, in the Euro-
pean Union (EU), emissions of NO
2
 decreased by 
32.6% between 1980 and 2000 (Agren 2003), and 
during the same period by 15% in the USA (EPA 
2000). However, reduction of NH
3
 emissions are less 
pronounced. While they decreased by 27.3% from 
1980 to 2000 in the EU (Agren 2003), they increased 
by 3% (EPA 2000) in the USA. Rapid economic de-
velopment has the potential to significantly increase 
the emissions of N compounds in parts of Asia. In-
creasing NH
3
 emissions are predicted for Asia, and 
will be seen mostly in China (Klimont et al. 2001). 
The world’s highest tropospheric NO
2
 concentrations 
have been recorded over Beijing and in the northeast 
of China (Richter et al. 2005).
Most of the above-mentioned substances are gas-
eous and act on trees as dry deposition directly via 
the foliage. Some of them are acidifying and lead 
– by means of chemical reactions with water in the 
atmosphere – to acid precipitation. Rain is slightly 
acidic (pH 5.6), even in the absence of acidifying air 
pollutants because of the presence of carbon dioxide 
(CO
2
) in the air, which, with water, forms carbonic 
acid (H
2
CO
3
). Acidifying compounds such as SO
2
, 
NOx, and NH
3
, however, enhance the concentra-
tions of protons and form sulphuric acid, nitric acid 
(HNO
3
), ammonium (NH
4
), and nitrate (NO
3
).
Heavy metals result from most combustion pro-
cesses and from many industrial production pro-
cesses. They are released into the atmosphere by 
means of dust and, at high temperatures, also as 
gases. The main heavy metals considered to be det-
rimental to forest health are cadmium (Cd), lead (Pb), 
mercury (Hg), cobalt (Co), chromium (Cr), copper 
(Cu), nickel (Ni), and zinc (Zn). However, largely 
because of their impacts on human health, heavy 
metal emissions have been reduced greatly within the 
last three decades in many industrialised countries. 
For instance, lead emissions in Europe decreased by 
about 85% from the years1980 to 2000.
A large group of air pollutants is constituted by 
volatile organic compounds (VOCs). VOCs include 
hydrocarbons and organic atmospheric trace gases 
other than CO
2
 and carbon monoxide (CO). VOCs 
are generated from both man-made sources (anthro-
pogenic) and natural sources (biogenic). Vegetation 
emits biogenic VOCs that include the isoprenoids 
(isoprene and monoterpenes), as well as alkanes, car-
bonyls, alcohols, esters, ethers, and acids. Isoprene is 
the most abundant hydrocarbon emitted by terrestrial 
vegetation (530 Tg C/year), and may contribute to 
increased O
3
 to +8–12 ppb in the mid-latitude land 
areas (Wang and Shallcross 2000).
CO
2
, methane (CH
4
), and nitrous oxide (N
2
O) 
affect forest health through their action as green-
house gases. All are produced both naturally and by 
anthropogenic activities. Although it is debatable to 
what extent these gases should be considered pol-
lutants, we will here consider the excess production 
over the natural level as an effect of human activity 
as pollution. For example, CO
2
 is generated by the 
combustion of fossil fuels or the burning of biomass, 
CH
4
 by anaerobic decomposition of organic matter 
(e.g., in landfills and rice paddies), and N
2
O by ag-
ricultural fertilisation and biomass burning.
Tropospheric O
3
 is an important phytotoxic air 
pollutant and a significant greenhouse gas (Bytne-
rowicz et al. 2007). The impact of O
3
 as a green-
house gas is minimal at temperatures encountered at 
the Earth’s surface, while it is much more effective 
at the border of the troposphere and stratosphere, 
where temperatures of –60 to –80°C are encountered 
(Slanina and Hanson 2006). The troposphere extends 
above the surface of the Earth and consists of many 
layers. O
3
 is more concentrated above the ground 
layer and forms a protective “shield” from harmful 
UV-B and UV-C radiation in the stratosphere. While 
O
3
 is disappearing in the stratosphere, ground-level 
O
3
 concentrations are increasing all over the world. 
Around 90% of total O
3
 is in the stratosphere and 
just 10% is in the troposphere. Hence, the increase 
in tropospheric O
3
 cannot compensate for the loss 
in stratospheric O
3
. In addition, O
3
 in the lower and 
higher troposphere damages human and ecosystem 
health, and amplifies the greenhouse effect, respec-
tively.
The formation of O
3
 in the troposphere is the 
result of reactions between solar light and precur-
sors, mainly NOx and VOCs, as well as CH
4
 and 
CO. The overall reactions, however, are complex and 
non-linear (Stockwell et al. 1997). As O
3
 formation 
is modulated by solar light, daily peaks usually oc-
cur around midday. The annual cycle at background 
temperate sites in the northern hemisphere is charac-
terised by a spring maximum in the month of May 
(Vingarzan 2004), while at Mediterranean sites, the 
highest concentrations occur June to August (Paoletti 
2006).
Because of anthropogenic emissions of precur-
sors, background O
3
 levels have been rising since 
the first measurements in 1874 (Marenco et al. 
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1994). Although there are uncertainties about the 
measurement technique at that time, the mean O
3
 
concentration was ~10 ppb (Anfossi and Sandroni 
1994). Annual average concentrations over the mid 
latitudes of the northern hemisphere currently range 
between 20 and 45 ppb, and are expected to be 42 
to 84 ppb by the year 2100 (Vingarzan 2004). In the 
last decades, control strategies have limited the emis-
sion of precursors so that O
3
 peaks have decreased in 
North America, Europe, and Asia, but background 
levels continue to increase (Midgley et al. 2002, EEA 
2007). Despite cleaning strategies designed to reduce 
local emissions of O
3
 precursors, global emissions 
of NOx and VOCs have increased (Royal Society 
2008). Transcontinental transport of O
3
-enriched 
air masses from Asia to North America, from North 
America to Europe, and from Europe to Asia has 
been demonstrated (Derwent et al. 2004).
Over the past three decades, background O
3
 levels 
in the Northern Hemisphere have increased 0.5–2% 
per year (Vingarzan 2004). Projections of the In-
ternational Panel on Climate Change (IPCC) based 
upon scenarios with high emissions indicate further 
increase of 20 to 25% (2015 through 2050) and 40 to 
60% (through 2100) (Meehl et al. 2007). Increased 
temperature and reduced humidity will increase O
3
 
production in already polluted environments, while 
decreasing it in clean (lower NOx) environments 
(Royal Society 2008).
4.2.2 Regional Trends in Emissions and 
Depositions
East Asia
In East Asia, the growth of the population and of 
economical prosperity have greatly increased air 
pollution within the past decades. The Acid Depo-
sition Monitoring Network in East Asia (EANET) 
published its first Periodic Report based on data 
collected from 2000 to 2004 (EANET 2006). The 
report indicates that wet depositions of nitrogen and 
sulphur, corrected for sea salt (nss-sulphur), in East 
Asia, especially in big cities and their surrounding 
areas, are significantly larger than those in Europe 
and the United States. For example, the depositions 
of nitrogen and nss-sulphur per hectare per year were 
29.7 kg N and 52.4 kg sulphur (S) at “Guanyinqiao,” 
an urban site in Chongqing of China. Similarly, they 
were 25.3 kg N and 20.9 kg S at “Petaling Jaya,” an 
urban site of Malaysia. At “Weishuiyuan,” a rural 
site in China, the respective figures were 20.9 kg N 
and 54.1 kg S.
In Japan, the wet deposition data collected by 
the wet-only precipitation samplers are available for 
more than 80 sites, based on surveys by the Ministry 
of the Environment of Japan (MOEJ) and Japan En-
vironmental Laboratories Association (JELA). The 
values measured at these sites were relatively high 
compared with those measured by the Co-operative 
Programme for Monitoring and Evaluation of the 
Long-range Transmission of Air Pollutants in Europe 
(EMEP), and by the National Atmospheric Deposi-
tion Program (NADP) in the USA. The wet deposi-
tion of nitrogen in Japan was one and half times 
larger than in Europe and two times larger than in 
the United States on the median (7.86 kg N/ha/year 
in Japan, 5.19 kg S/ha/year in EMEP, and 3.61 kg S/
ha/year in NADP). The wet deposition of nss-sulphur 
in Japan was three times larger than in Europe and in 
the United States on the median (8.01 kg S/ha/year 
in Japan, 2.57 kg S/ha/year in EMEP, and 2.85 kg S/
ha/year in NADP), although the sulphur deposition 
in Europe and the United States has decreased in the 
last decades (Matsubara et al. 2009).
High O
3
 concentration and its effects on ecosys-
tems is a recent hot topic in the East Asian region. 
Several case studies on measurements of ozone con-
centrations in forest areas have been implemented 
using passive samplers in several types of forests: 
in a tropical rainforest in Danum Valley, Sabah, Ma-
laysia; in a tropical dry-evergreen forest in Sakaerat 
Silvicultural Research Station (SRS), Nakhon Rat-
chasima Province, Thailand; and in a Japanese cedar 
forest in Kajikawa Catchment, Niigata Prefecture, 
Japan. Ozone concentrations at Sakaerat SRS and 
Kajikawa Catchment were relatively high, even in 
15-day mean values, while the concentrations were 
mostly below 10 ppb at Danum Valley. The annual 
mean and highest value among the 15-day mean 
values were 33.7 ppb and 66.7 ppb, respectively, at 
Sakaerat SRS (Sase et al. 2009); and 42.3 ppb and 
59.9 ppb, respectively, at Kajikawa Catchment (Take 
et al. unpublished data). Especially in Sakaerat SRS, 
the concentrations were significantly higher in dry 
seasons from December to March compared to wet 
seasons.
Europe
In Europe, emissions of the main air pollutants de-
creased clearly as a consequence of the above-men-
tioned air pollution control policies under UNECE 
protocols and EU legislation, but to a different extent 
with regard to the substances and regions considered. 
Emission reductions were largest for sulphur, at about 
70% from 1980 to 2000, but regional differences 
were high. In Austria, Germany, Switzerland, and 
Scandinavia, sulphur emissions decreased by nearly 
90%, whereas in southeastern Europe, the respective 
decrease was only about 40%. These reductions are 
largely reflected in decreasing air concentrations of 
SO
2
, as well as decreasing SO
4
 concentrations in 
4 AIR POLLuTION ImPACTS ON FORESTS IN A CHANGING CLImATE
59
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
4 AIR POLLuTION ImPACTS ON FORESTS IN A CHANGING CLImATE
precipitation (EMEP 2004).
While sulphur was mainly emitted by stationary 
combustion sources, increasing emissions of NOx 
from traffic also came to be considered a threat to 
human health and terrestrial ecosystems in the 1980. 
Despite emission control policies under UNECE 
protocols and EU legislation, however, emissions 
of NOx have so far decreased less than emissions of 
sulphur. For all of Europe, the reduction is estimated 
to be 25–30% within the last three decades. However, 
Germany and Switzerland reduced NOx emissions 
by about 50%. Reductions in some countries of east-
ern Europe reached between 40% and 50% as a result 
of the restructuring of their economies. Reductions of 
NH
4
 concentrations in precipitation are comparable 
to those of NO
3
 (EMEP 2004).
The reduction of emissions in Europe reveal 
themselves in decreasing deposition, as is shown in 
the annual reports on forest conditions in Europe by 
the International Co-operative Programme on As-
sessment and Monitoring of Air Pollution Effects 
on Forests (ICP Forests) under UNECE. ICP For-
ests has been monitoring forest conditions in Europe 
since 1986, and aims, in particular, to identify and 
quantify the effects of air pollution (e.g., Lorenz et 
al. 2009). Its deposition measurements from up to 
308 intensive monitoring plots show that SO
4
 bulk 
deposition was larger than 8 kg/ha/year on 13.3% 
of the plots. When corrected for sea-salt deposition, 
this share is 8.8%. SO
4
 throughfall is higher than 
8 kg/ha/year on 25.4% of the plots. This value is 
reduced to 17.8% after sea-salt correction. Figure 
4.1 shows throughfall and bulk deposition of SO
4
 
from 2001 until 2006. Throughfall is higher than 
bulk deposition, but the slopes of the decrease of both 
substances are approximately the same. The low in 
2003 reflects the drought in the hot summer of that 
year, as deposition loads are strongly dependent on 
the amount of precipitation. For NH
4
 and NO
3
, the 
decreases in throughfall and bulk deposition were 
much less pronounced (Lorenz et al. 2009).
A reduction of the formation of O
3
 is revealed by 
a decreasing number of O
3
 peak concentrations in the 
1990s. But O
3
 concentrations still exceed thresholds 
set for human health and vegetation in many regions 
of Europe, mostly in central and southern Europe 
(EMEP 2004). In the USA, a primary standard pro-
tects public health, including the health of “sensitive” 
populations, such as asthmatics, children, and the 
elderly; while a secondary standard protects pub-
lic welfare, including protection against decreased 
visibility, damage to animals, crops, vegetation, and 
buildings. Primary and secondary standards for O
3
 
are the same, under the assumption that the primary 
standard will protect public welfare. The Environ-
mental Protection Agency (EPA) set a primary O
3
 
National Ambient Air Quality Standard of 75 ppb 
(EPA 2008). The form is calculated as the 3-year 
average of the annual fourth highest value in the array 
of the highest daily maximum 8-hour averages meas-
ured at each monitor within an area. At the European 
Community level (Daughter Directive 2008/50/EC), 
the target value to protect all types of vegetation is 9 
ppm h AOT40, calculated from 1-hour O
3
 concentra-
tions from May to July (8:00–20:00) and averaged 
over five years. AOT40 is the sum of the daylight 
hourly concentrations >40 ppb. The long-term tar-
get value is 3 ppm h AOT40, calculated as above. 
More stringent, provisional exposure-based critical 
levels have been set by the UNECE for particular 
types of European vegetation, under the framework 
of the Convention on Long-Range Transboundary 
Air Pollution (ICP Modelling and Mapping 2004). 
For forest trees, two approaches are used: cumulated 
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Figure 4.1 Decrease in SO4 throughfall and bulk deposition as measured by ICP 
Forests from 2001 to 2006 (Lorenz et al. 2009).
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O
3
 concentrations (5 ppm h AOT40 over the grow-
ing season), and stomatal fluxes (provisionally for 
sensitive forest trees). For details see the Box 4.1 
and Paoletti and Manning (2007).
Among the heavy metals, Cd, Pb, and Hg are of 
greatest concern in Europe. Their emission sources 
are mining, foundries, smelters, combustion, and 
traffic. The introduction of unleaded petrol in Europe 
decreased Pb depositions by 60–70% from 1990 to 
2000. In the same period, emissions of Cd decreased 
by 30–40%, and of Hg by 50% (EMEP 2004).
Russia
In Russia, non-ferrous metal smelters, power plants, 
oil and gas processing, and the pulp and paper indus-
try are considered as the main sources of acidifying 
compounds, such as sulphur dioxide (SO
2
), sulphate 
(SO
4
), nitrogen oxides (NOx), and ammonium (NH
4
). 
Ammonium and NOx emissions derive also from 
diffuse sources, such as agriculture and vehicular 
traffic. There are three main anthropogenic sources 
of heavy metal emissions to the atmosphere: fossil 
fuel combustion, non-ferrous metal production, and 
waste incineration.
Box 4.1 Ozone impact and risk assessment
Elena Paoletti and Nancy E. Grulke
Ozone (O
3
) can cause injury to vegetation that 
may have both ecological and economic impacts, 
resulting in the need for standards to protect plants. 
Criteria for protecting forest trees from O
3
 have been 
developed (see a review in Paoletti and Manning 
2007). Exposure-based indices, including those at 
present in use in Europe and the USA, assume that 
plant injury positively correlates with O
3
 exposure. 
Exposure may have a linear effect, or weigh higher 
ozone concentrations (Lefohn et al. 1988). A list of 
34 of the most common exposure-based indices has 
recently been reviewed (Paoletti et al. 2007). One 
of the most frequently used threshold-based indi-
ces is AOT40, being the sum of the daylight hourly 
concentrations >40 ppb, assuming that plants have 
adapted to low, pre-industrial, naturally occurring 
O
3
 concentrations. These concepts are useful for 
regulatory purposes, but lack a mechanistic basis. 
Researchers now recognise that O
3
 in the air does 
not characterise the real potential for plant injury 
(Matyssek et al. 2007). Injury arises when O
3
 enters 
the leaf and reaches the apoplast and plasmalemma 
membranes in the mesophyll (Matyssek et al. 2007). 
At present, only the stomatal O
3
 flux (the rate of 
entry of O
3
 into the leaf via the stomatal pores on 
the leaf surface) has been modelled (Emberson et 
al. 2000). The stomatal O
3
 flux uses algorithms that 
describe the species-specific effects of temperature, 
light, soil water pressure, vapour pressure deficit, 
and plant growth stage on stomatal functioning, but 
not the effect of the O
3
 concentration itself (see 
Grulke et al. 2007). The hourly mean stomatal flux 
of O
3
 based on the projected leaf area (PLA), F
st
 
(in nmol/m2PLA/s), is accumulated over a stomatal 
flux threshold of Y nmol/m2/s (AF
st
Y). A flux-based 
critical level is then the cumulative stomatal flux 
of O
3
, AF
st
Y, above which direct adverse effects 
may occur, according to present knowledge. An 
AF
st
 1.6 of 4 mmo/m2PLA over one growing sea-
son has been provisionally identified for sensitive 
forest trees represented by birch and beech (ICP 
Modelling and Mapping 2004). Compared to AF
st
Y, 
AOT40, both overestimates and underestimates O
3
 
risk in southern and northern Europe, respectively 
(Simpson et al. 2007).
Whichever the approach for assessing O
3
 im-
pacts on forests, there is evidence that ambient 
ozone levels can cause a range of effects, including 
visible foliar injury. Ozone, unlike fluoride or sul-
phur dioxide, does not leave elemental residue that 
can be detected by analytical techniques. However, 
O
3
 uptake does leave a “signature” of antioxidant 
upregulation that can be differentiated from photo-
synthetic pigment oxidation (Grulke et al. 2003). 
However, visible injury on foliage is the only direct 
and observable O
3
 effect in the field and is regarded 
as a result of oxidative stress that leads to a cascade 
of adverse effects. Observation of typical symptoms 
has turned out to be a valuable tool for the assess-
ment of the impact of ambient O
3
 exposures on 
sensitive species in Europe (Bussotti et al. 2003). 
Within-species sensitivity may vary, and other fac-
tors (e.g., leaf senescence, drought stress, nutritional 
deficiencies) may mimic symptoms, thus rendering 
the assessment subject to many constrains. These 
symptoms can be diagnosed in the field only after 
adequate training. Ozone visible injury atlases are 
available on the web at http://www.ozoneinjury.org/. 
Within the ICP Forests Program for the Assessment 
of Ozone Injury on European Forest Ecosystems, 
three countries (Spain, Switzerland, and Italy) were 
investigated in the period 2002–2004 (Lorenz et al. 
2008). On average, 7% of species showed O
3
 visible 
injury on the leaves.
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The major anthropogenic sources of SO
2
 and 
heavy metal emissions are the non-ferrous metal 
smelter complexes located in Krasnoyarsk (Norilsk), 
Murmansk (Monchegorsk, Nikel, Zapolyarnyy) ob-
lasts, and the Ural. The sharp increase in the number 
of private vehicles has resulted in a clear increase 
in NOx concentrations in Russian urban cities since 
1990. The sources of acidifying gases include the 
pulp and paper industry in the Republic of Karelia 
and Archangelsk Oblast.
About 80% of the oil and 99% of the gas pro-
duced in the arctic currently comes from Russia (the 
Nenets Autonomous Okrug and Komi Republic). Oil 
and gas production involves emissions into the air, 
including exhaust gases containing CO
2
, NOx, SO
X
 
(sulphur oxides), CH
4
, and non-methane volatile 
organic compounds (nmVOCs) (AMAP 2002). En-
vironmental pollution originating from oil and gas 
exploration and extraction activities is expected to 
increase considerably in the Eurasian Arctic.
Fires are a major source of SO
2,
 sulphur aerosols, 
black carbon, heavy metals, and organic pollutants. 
It has been forecasted that a warming climate will 
result in a considerable increase in the area burned 
annually in boreal forest fires (Stocks et al. 1998). 
In Russia, 0.5 to 5.5 million ha of managed forests 
burn annually, and about 80% of these areas are lo-
cated in Siberia and the Russian Far East (Isaev and 
Korovin 2003).
4.3 Air Pollution as a Global 
Risk for Sustainable Forest 
Development
4.3.1 Cause-Effect Mechanisms
Air pollutants may damage forests directly via the 
foliage, and indirectly via the soil. The direct effects 
of O
3
, SO
2
, NO
2
, and NH
3
 include visible leaf dam-
age, a decrease in the number of needle age classes 
in conifers, and elevated pollutant concentrations in 
plant tissues. Indirect damage is provoked by the 
negative impacts of deposition of air pollutants via 
soil-mediated processes. Indirect effects include soil 
acidification, which results in leaching of base cat-
ions, thereby releasing toxic species of aluminium 
(Al). Air pollution causes water and nutrient imbal-
ances and higher sensitivity to frost, droughts, insect 
pest attacks, and fungal diseases.
At present, even at the highest concentrations, 
phytotoxic effects of NOx are very unlikely in forests 
of Europe and North America (Bytnerowicz et al. 
1998). In the areas of rapidly increasing air pollution 
in China and other parts of Asia, such negative effects 
should not be excluded. However, elevated levels 
of N-compounds contribute to eutrophication. Ex-
amples are grasslands in the Netherlands and coastal 
sage communities in southern California (Allen et 
al. 1998). Nitrogen deposition may have serious 
ecological effects on ecosystems (Fenn et al. 2005). 
While N is usually the growth-limiting nutrient in 
forest and semi-natural terrestrial ecosystems, chron-
ic excess of N can lead to saturation manifested by 
increased leaching of inorganic N (generally nitrate). 
Increased leaching of nitrate enhances acidification 
of soils and surface waters, and the risk of eutrophi-
cation of coastal marine areas and groundwater qual-
ity. While in Europe and North America the critical 
loads for nutrient N are set generally between 5 and 
15 kg N/ha/year, such values have been set much 
higher for sensitive Japanese evergreen broad-leaved 
species. Models suggest that N critical loads of 50 
kg/ha/year have already been exceeded in parts of 
southern China (Kohno et al. 2005).
Increased atmospheric N deposition is well known 
to reduce plant diversity in natural and semi-natural 
ecosystems. Examples of such effects are numer-
ous, such as on mixed conifer forests or coastal sage 
ecosystems in California (Allen et al. 1998, 2007). 
Negative effects also occur in many other parts of the 
northern hemisphere and have been studied mostly 
in Europe and North America. Based on the outputs 
Photo 4.1 A visible symptom of air pollution dam-
age is defoliation.
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from global chemistry transport models, Phoenix 
et al. (2006) predicted that by 2050 the number of 
biodiversity hotspots will double compared to the 
mid-1990s, significantly exacerbating global threat 
of N deposition to world floristic diversity.
The effects of elevated N deposition on plant 
disease have not been studied in detail, although N 
enrichment has been shown to increase fungal and 
bacterial diseases of foliage (Snoeijers et al. 2000). 
Nitrogen fertilisation has also been shown to increase 
root rot of eucalyptus caused by Phytophthora spe-
cies (Marks et al. 1973).
Ozone has strong biodiversity effects, such as 
species-specific and individual-specific effects on re-
source acquisition and root/crown architecture, and 
thus space sequestration (Matyssek and Sandermann 
2003). In general, poor competitors have an added 
disadvantage in elevated O
3
 conditions (McDonald et 
al. 2002). Ambient O
3
 can cause significant effects on 
photosynthesis of broadleaved species (–10%) and 
has less to no effect on conifers (Wittig et al. 2007), 
suggesting that O
3
 gives conifers an advantage in 
mixed deciduous forests that can lead to changes 
in community composition. Fast-growing pioneer 
species, such as birch, aspen, and poplar, have been 
shown to be more O
3
-sensitive than climax species, 
such as beech and oak (Matyssek et al. in press). 
This has implications for future O
3
 effects if climax 
species are replaced by fast-growing plantations for 
agro-forestry and bio-fuel production (Royal Soci-
ety 2008). Ozone may feed biodiversity changes by 
feedbacks on VOCs emissions (Lerdau 2007). Bio-
genic VOCs can either ameliorate or aggravate O
3
 
pollution, depending on whether the concentrations 
of NOx are low or high (Lerdau 2007). When plants 
emit isoprene into the air with high NOx concen-
trations, O
3
 levels can increase. Recent advances, 
however, suggest that the damaging effects of O
3
 are 
ameliorated by isoprene (Velikova and Loreto 2005, 
Loreto and Fares 2007). Isoprene-emitting species 
(e.g., oaks) will thus be better protected against O
3
 
damage than those that do not produce isoprene (such 
as maples, birches, or hickories). Most ecosystems 
consist of both VOC-emitter and non-emitter spe-
cies. Trees with VOCs emissions will change the 
atmospheric composition in a way that causes more 
damage to non-emitters than to emitters. Over time, 
isoprene-producing taxa may become more abun-
dant because of their greater resistance to O
3
. This 
feedback could lead to changes in forest ecosystems, 
with decreased plant diversity and a cascade of ef-
fects on higher trophic levels and the atmosphere 
(Lerdau 2007).
The global impacts of O
3
 on biodiversity are dif-
ficult to predict because of gaps in knowledge. To 
date, O
3
 responses of only a few dozen species in 
North America and Europe are known, and little is 
known about the responses of tropical forests, grass-
lands, and savannah. Olson and Dinerstein (2002) 
suggested that the areas of greatest risk are in eastern 
North America, the Alps and other Central European 
mountains, the northern half of South America, Cen-
tral Africa, and Southeast Asia. In total, O
3
 decreases 
global plant productivity (GPP) by more than 20% 
in 17 of the world’s priority-conservation ecoregions 
(G200), covering an area of 1.4 million km2. In addi-
tion, some of the hotspots at high risk from O
3
 effects 
coincide with those at high risk from N deposition, 
including the forests of Southeast Asia, southwest-
ern China, and the Cerrado of Brazil (Phoenix et 
al. 2006).
Elevated levels of heavy metals derived from 
anthropogenic sources can have adverse effects on 
forest ecosystems, and Hg, Cd, and Pb are currently 
of the greatest toxicological concern. Biological soil 
processes that are extremely important for the estab-
lishment, growth, and reproduction of the vegeta-
tion cover may be indirectly affected by the adverse 
effects of elevated metal concentrations on soil 
micro-organisms and invertebrates (AMAP 2006). 
Heavy metals are associated with several environ-
mental risks to mammals, such as estrogenic effects, 
disruption of endocrine functioning, impairment of 
immune system functioning, functional and physio-
logical effects on reproduction, and reduced survival 
and growth of offspring (AMAP 1998, 2002). In the 
case of smelters, it is difficult to differentiate the ef-
fects of heavy metals from those caused by the high 
SO
2
 emissions.
4.3.2 Regional Trends in Air Pollution
Observations of tree decline have been carried out 
for forest vegetation monitoring of EANET (EANET 
2006). In the first Periodic Report in 2006, several de-
clining symptoms were observed in 16 plots of four 
countries, but declining levels were mostly Level 1 
or Level 2 (based on five classifications ranging from 
Level 0 [healthy] to Level 4 [dead]). Possible causes 
of the declining symptoms were mostly natural en-
vironmental factors, such as strong winds, topogra-
phy, soil condition, and suppression of other trees. 
Insect attacks and disease by fungal infections are 
also major causes. However, tree decline by unknown 
factors can be seen in several plots, especially in the 
plot at Irkutsk, Russia. All the trees within this plot 
showed some form of declining symptoms. It was 
surmised, in the National Assessment of Russia, that 
the effects of local air pollution had an influence 
on the region’s tree decline (EANET 2006). Con-
centrations of sulphur, fluorine, and heavy metals, 
such as lead and mercury, in needles of pine (Pinus 
sylvestris), were significantly higher in the Irkutsk 
area than in reference areas (Mikhailova et al. 2005). 
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Effects of local air pollution on forests were also 
suggested by the EANET joint research project in 
Mongolia. Decline of larch trees (Larix sibirica) at 
the Bogdkhan Mountain near Ulaanbaatar City may 
be caused by air pollution derived from a thermal 
power plant or mobile homes. Sulphur contents of 
larch needles were mostly two times higher on the 
slope facing the power plant than in reference areas 
(Sase et al. 2005).
So far, clear evidence of soil acidification is very 
limited in eastern Asia. The EANET regular-phase 
monitoring started in 2001, and most monitoring 
plots have been surveyed only once or twice during 
the last 8 years. However, at the Lake Ijira Catch-
ment in Japan, where the “Ijira” station is located, 
soil monitoring has been carried out since 1988. Both 
surface soil and subsoil showed decreasing trends of 
soil pH. The mean pH of surface soil decreased from 
4.5 in 1990 to 3.9 in 2004 (Nakahara et al. 2009). 
Exchangeable Al in the soil slightly increased with 
decreased pH levels of the soil. At present, effects 
of soil acidification on tree health have not been ob-
served in the Lake Ijira Catchment.
The impact of air pollution on forests in Europe 
has been a subject of intensive forest damage research 
and monitoring since the detection of widespread for-
est decline in the late 1970s and early 1980s. Three 
decades of forest damage research and 25 years of 
monitoring by ICP Forests have, meanwhile, shown 
that forest conditions in Europe deteriorated far 
less dramatically than originally feared. However, 
hypotheses developed by forest researchers in the 
1980s hold true in many forest ecosystems across 
Europe.
As widespread forest damage in Europe was 
identified by means of a thinning of tree crowns, 
ICP Forests launched an annual Europe-wide an-
nual defoliation assessment in 1986. Since then, 
defoliation has been highest in the Czech Republic, 
Germany, Poland, and the Slovak Republic; i.e., in 
the region of central Europe showing the severest 
damage due to local and long-range transboundary 
air pollution at that time. Moreover, during the first 
years of the assessments, defoliation was found to 
increase strongly in Belarus, Bulgaria, Croatia, Den-
mark, France, Italy, and Ukraine. But recuperation 
was also observed in several regions. At the Europe-
wide scale, the development of defoliation is mainly 
influenced by tree age, weather conditions (mainly 
heat and drought), and biotic factors (insects and 
fungi). Statistical relationships between defoliation 
and air pollution are weak. The annual defoliation 
assessments have been retained because they are a 
low-cost tool for the timely detection of detrimental 
developments of forest conditions. For specific as-
sessments of air pollution effects on forests, other 
approaches have been implemented that involve 
deposition measurements and soil analyses.
An approach for the assessment of forest damage 
by air pollution is the calculation of critical loads 
of deposition (Nilsson and Grennfelt 1988) and the 
determination of their exceedances. The critical load 
constitutes the tolerable deposition of a given pollut-
ant per unit of time that will not cause any long-term 
adverse effects to the structure and functioning of 
a forest ecosystem. It can be derived from param-
eters of the chemical composition of the dry and wet 
phases of the soil. Damage can be expected when 
certain chemical parameters (= critical limits) of the 
soil and soil solution are violated and, therefore, will 
lead to destabilisation of soil processes (ICP Model-
ling and Mapping 2004).
Results show that critical loads for N and acid-
ity in forest soils differ greatly across Europe. Their 
spatial variation is largest in geologically variable 
regions, such as central Europe and the Alps. Geo-
logical uniform regions, such as northern Europe, 
with their mainly acidic parent material, have only 
slightly varying critical loads. Critical loads for N 
show high spatial variation. The lowest critical loads 
for N are found mainly on plots in Norway, Finland, 
northern Germany, The Netherlands, Belgium, Spain, 
and Greece. They characterise forest ecosystems that 
are sensitive to high nitrogen inputs. Critical loads 
for acidity and their spatial variation are higher than 
those for N. Forest sites with lowest critical loads for 
acidity are most frequent in Finland, Norway, The 
Netherlands, and various parts of Germany, indicat-
ing forest ecosystems most susceptible to acid depos-
ition. High critical loads prevail on forest sites in the 
United Kingdom, in Spain and Greece, as well as in 
several parts of central Europe. Nitrogen through-
fall, measured by ICP Forests in 2004, exceeded the 
critical loads on about two-thirds of the assessed sites 
(Figure 4.2). This shows that N deposition and the 
resulting accumulation of N in forest soils remain 
a widespread risk. Exceedances are highest at for-
est sites in The Netherlands, Belgium, and parts of 
Germany. Critical loads for N are not exceeded at 
most sites in Finland, Norway, the United Kingdom, 
and in the Lower Alps in Switzerland, Germany, and 
Austria. In the Lower Alps, however, it must be taken 
into account that high precipitation causes high N 
leaching and, consequently, little N accumulation in 
the soil, and hence high critical loads. This means 
that critical loads for N are not exceeded even if N 
deposition is high, but that high deposition causes 
nitrate leaching, which is detrimental to groundwater 
quality. Critical loads for acidity were exceeded on 
less than a quarter of the sites. Exceedances are par-
ticularly high in The Netherlands and in southern 
Sweden, several parts of Germany, and in Hungary 
(Lorenz et al. 2008).
Forest damage research in Europe has revealed 
numerous direct and indirect effects of air pollution 
on such factors as the nutritional status, crown condi-
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tion, and growth of forest trees at many individual 
sites. On ICP Forests’ intensive monitoring plots in 
Germany, with exceedances of critical loads for acid-
ity, for instance, Augustin et al. (2005) found high 
S contents in needles and leaves that were weakly 
correlated with defoliation. Nitrogen deposition at 
ICP Forests sites was related to species composition 
of ground vegetation. Nitrogen-indicator plants oc-
curred more frequently at sites with high nitrogen 
deposition (Lorenz et al. 2007). Nitrogen deposition 
was also shown to enhance tree growth.
In Russia, the visible effects of air pollution have 
been observed in the surroundings of non-ferrous 
metal smelters. In Norilsk, the total area of barren 
and semi-barren land currently exceeds 400 000 ha 
(Kozlov and Zvereva 2007). An area of about 2 mil-
lion ha of taiga-tundra forests are dead or severely 
damaged by pollution from the Norilsk smelters in 
NW Siberia. The area of industrial barren and semi-
barren land, caused by pollution from the Cu-Ni 
smelters on the Kola peninsula in northwestern Eu-
ropean Russia, totalled 75 000 ha at the beginning of 
the 1990s. The total area on the Kola Peninsula where 
the critical deposition of sulphur (0.3 gS/m2/g) is 
exceeded is more than 90 000 km2 (Tuovinen 1993). 
There is visible damage to forest ecosystems over an 
area of 39 000 km2 (Rigina and Kozlov 1998). Effects 
of air pollution combined with other disturbances, 
such as fires (because of larger amounts of combus-
tible materials on polluted areas), fungal diseases, 
and insect attacks, may cause an increase in forest 
damage over significantly larger areas.
4.4 Interactions Between Air 
Pollution and Climate Change
Air pollution may interact with climate change in 
ways that tend to enhance warming (positive feed-
backs) and through effects that tend to mitigate 
warming (negative feedbacks) (Derome and Luki-
na, in print). The major mechanisms (feedbacks) by 
which environmental pollution can contribute to cli-
mate change are changes in land cover (albedo) and 
changes in the amount of greenhouse gases emitted 
from the land to the atmosphere.
There is still little clear evidence to suggest how 
the dual threats of air pollution and climate change 
may interact. In certain areas of northern Europe, 
Figure 4.2 Exeedance of critical loads of nitrogen (Lorenz et al. 2008).
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rainfall has been predicted to increase as a result of 
climate change. In this case, even with a decrease in 
pollutant emissions, total pollutant deposition may 
not decrease substantially. It has also been suggested 
that, along with increased temperatures, soil nitrifi-
cation processes may be speeded up (Tickle et al. 
1995). This may result in increased nitrate leaching 
from forest ecosystems, resulting in enhanced soil 
acidification. Climate change may also have an effect 
on contaminant pathways in woodlands.
Climate change may aggravate the effects of 
pollutants. The melting of permafrost will result in 
the release of many contaminants currently encap-
sulated in the soil; for instance, in areas subjected to 
air pollution from Norilsk. The combined effects of 
SO
2
 and heavy metal pollution and fire result in the 
replacement of coniferous forests by birch forests, 
which have a different albedo and carbon cycle. Even 
though tropospheric O
3
 is an unstable pollutant that 
tends to form local hotspots of high concentrations, 
its radiative properties as a warming agent are global. 
IPCC estimates tropospheric O
3
 radiative forcing at 
0.39 W/m2 (Forster et al. 2007), thus ranking O
3
 as 
the third most important anthropogenic greenhouse 
gas after CO
2
 and CH
4
. Ozone will also have an 
indirect effect on climate change by reducing the 
capacity of vegetation to sequester carbon (C). This 
indirect radiative effect could increase the total radia-
tive forcing due to O
3
 over the period 1900–2100 by 
at least 70% (Sitch et al. 2007).
Projected changes in climate are likely to increase 
regional and local O
3
 concentrations where emis-
sions are high (Royal Society 2008). An increase 
in the production of O
3
 is influenced by increased 
temperature, increased sunlight, decreased humidity 
(all components of climate change), and the increase 
in long-range transport of pollutants. Interactions 
between climate and the terrestrial biosphere have 
an important effect on surface O
3
 levels because veg-
etation is both a source and a sink for O
3
. Also, bio-
genic VOC emissions are sensitive to environmental 
factors such as temperature and light. One of the 
most important feedbacks between O
3
 and climate 
is through temperature-increased emissions of O
3
 
precursors, including biogenic VOCs, as well as NO 
from soils, and CH
4
 from wetlands (Royal Society 
2008). The expected increase in spells of excessively 
high temperatures in the northern hemisphere will 
increase the frequency of high O
3
 episodes. Ozone-
induced reductions in stomatal conductance and 
transpiration imply reduced transfer of water to the 
atmosphere, decreasing humidity, and potentially 
altering regional rainfall patterns in temperate and 
boreal forests (Wittig et al. 2009).
Because O
3
 reduces carbon assimilation (Novak 
et al. 2005, Wittig et al. 2007), there is great concern 
about its impact on the reduced capacity of forest 
ecosystems to sequester C, although there are few 
long-term studies to fully assess this effect (Manning 
2005). A recent meta-analytic review of 263 peer-
reviewed articles reporting O
3
 impacts on northern 
hemisphere tree biomass showed that current ambient 
O
3
 concentrations (40 ppb on average) significantly 
reduced the total biomass of trees by 7% compared 
with control trees in charcoal-filtered air, which ap-
proximates pre-industrial concentrations (Wittig et 
al. 2009). When elevated O
3
 concentrations (64 ppb 
on average, close to the 68 ppb projected by 2050; 
Ehhalt et al. 2001) were examined, total biomass 
was reduced by 11% compared with trees at pres-
ent ambient O
3
, while 97 ppb (projected by the end 
of 2100) reduced total biomass by 17% relative to 
pre-industrial levels, which is a further 10% reduc-
tion relative to today. These results demonstrate that 
O
3
 has been reducing the C-sink strength of north-
ern hemisphere forests since the pre-industrial age, 
and will further reduce it in the future (Wittig et al. 
2009).
These conclusions were based on controlled ex-
periments with young trees. These kinds of results 
cannot simply be translated to adult trees in the field 
(Kolb and Matyssek 2001, Schaub et al. 2005), al-
though negative correlations between stem growth 
and ambient O
3
 exposure in mature trees in the field 
have been reported (Braun et al. 1999, Karlsson et al. 
2006, McLaughlin et al. 2007). By comparing bio-
mass reductions in aspen (Populus tremuloides) from 
the Free Air CO
2
 Enrichment Experiment (FACE) 
in Rhinelander, Wisconsin in the USA (King et al. 
2005), and in Populus species from the meta-analy-
sis, similar values were obtained (–21% and –22%, 
respectively), although O
3
 exposure was lower in the 
former than in the latter (50 ppb and 60 ppb, respec-
tively) (Wittig et al. 2009). As most of the studies 
in the meta-analysis were short-term experiments 
in artificial chamber environments, this suggests a 
greater impact of O
3
 when applied in open-air and 
is consistent with findings about soybean biomass 
in growth chambers (Morgan et al. 2003, 2005). 
Concern thus arises that the large losses projected 
across the chamber studies may be underestimates 
of what will occur in the real world and over longer, 
more realistic growth periods (Wittig et al. 2009). 
Further uncertainties arise from gaps in information 
in the literature, which did not allow assessing the 
magnitude or significance of the interactions between 
O
3
 and drought, or O
3
 and CO
2
 (Wittig et al. 2009).
Moderately high to high O
3
 exposure imposes 
a loss in annual carbon balance of trees, with con-
sequences for the atmospheric CO
2
 balance. Tree 
seedlings need more light to achieve a positive C 
balance, and larger gaps are required. An increase 
in temperature is currently observed (0.5 to 0.8°C 
increases, van Mantgem and Stephenson 2007), and 
further increases are expected over the next century 
due to climate change. Leaving some pole-sized trees 
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within large gaps will mitigate the increased temper-
atures associated with larger forest gaps. Moderately 
high to high O
3
 exposure increases tree susceptibility 
to drought stress, with subsequent deleterious effects 
on forest stand susceptibility to insect and pathogen 
outbreaks (Grulke et al. 2009). Forest management 
strategies to reduce individual tree-level drought 
stress can mitigate the effects of tree susceptibility 
to O
3
 through thinning, not just at the stand level but 
to ensure adequate spacing between trees. To adapt 
forests for the future, larger gaps with sparse pole-
sized trees left standing, as well as forest patches that 
have been thinned, will help mitigate the expected 
increase in drought with climate change (including 
the chemical environment). For afforestation efforts, 
drought-tolerant ecotypes could be used if there are 
not other limiting factors (e.g., contamination of 
local gene pool), or more drought-tolerant species 
appropriate to the ecological zone.
Modelled estimates of C sequestration by for-
ests in the Great Smoky Mountains National Park 
(southeast-central USA) attribute a 50% loss to ambi-
ent O
3
 between 1971 and 2001 (Zhang et al. 2007). 
Between 2001 and 2003, a maximum of 31% loss in 
productivity of aspen in parts of its North American 
range was estimated to be caused by O
3
 (Percy et al. 
2007). Models, however, should include O
3
 effects 
on both photosynthesis and plant avoidance/defence 
ability (Matyssek et al. 2007), as well as feedbacks 
and susceptibility resulting from reduced C alloca-
tion to below-ground tissues (–15% of root-to-shoot 
ratio in Wittig et al. 2009). Ozone alters source–sink 
balance, initially resulting in C retention in shoots 
and decreased C allocation below ground to roots and 
mycorrhizas (Andersen 2003). Decreased allocation 
below ground alters C flux to soil and soil processes. 
In parallel, above-ground allocation is also affected. 
Compensatory growth of new leaves may occur by 
using nutrient and C from declining leaves or reserve 
storage (Matyssek and Sandermann 2003). Reduced 
branching and leaf size, along with premature leaf 
loss may limit biomass production more than the de-
cline in leaf photosynthesis (Matyssek 2001). Trees 
that allocate less C to fine-root system production 
are competitively disadvantaged for exploiting soil 
resources. Elevated O
3
 and N deposition can alter 
root function and health by decreasing the degree 
of mycorrhizal colonisation or altering community 
structure (Grulke et al. 2009). Ozone exposure in-
creases lignification of above-ground tissues, de-
creases decomposability, and thus a more recalcitrant 
N pool develops (Treseder and Allen 2000).
The complex range of effects on trees caused by 
O
3
 also highlights the importance of understanding 
the combined effects of O
3
 and other environmental 
factors, such as elevated CO
2
. The predicted ben-
efits of increased CO
2
 concentrations on C storage 
may be offset at high O
3
 concentrations. The total C 
incorporated into soil under aspen and aspen–birch 
components was reduced by about 50% over 4 years 
in the elevated O
3
 + CO
2
 FACE exposure compared 
with the elevated CO
2
 treatment (Loya et al. 2003). 
Using the A2 scenario, Sitch et al. (2007) predicted 
a reduction in terrestrial C storage over the period 
1900–2100 of 143 Pg C, or 17% of the C storage 
projected to occur due to increasing CO
2
 concen-
trations over this period. Biogeochemical models 
suggest that O
3
 may offset about 7% of the gains in 
productivity projected with increasing atmospheric 
CO
2
 and N deposition (Ollinger et al. 2002, Felzer 
et al. 2004, Sitch et al. 2007). This type of large-
scale model provides new insights into important 
global feedbacks, even though there are still signifi-
cant uncertainties because parameterisation is based 
on a small number of long-term experiments that 
do not represent a range of global plant functional 
types, and neglect the combined effects of O
3
, CO
2
, 
N deposition and climate (Royal Society 2008). Ad-
ditional uncertainties arise from O
3
 effects on other 
greenhouse gases, such as CH
4
 (Fiore et al. 2002, 
Rinnan et al. 2003).
Although most of the research on O
3
 effects focus 
on the C cycle, O
3
 has a number of other effects on 
forest ecosystems that indirectly impact C seques-
tration, but are not yet included in models. Ozone 
may weaken frost-hardening and predispose trees to 
frost injury (Skärby et al. 1998; Ranford and Reiling 
2007). Ozone may also affect plant/disease interac-
tions (Manning and von Tiedemann 1995). Ozone 
injury has been shown to predispose ponderosa pine 
(Pinus ponderosa Dougl.) to annosus root disease 
(Heterobasidion annosum; James et al. 1980) and 
black stain root rot disease (Leptographium wagen-
eri; Fenn et al. 1989). Although long-term O
3
 ex-
posure reduces stomatal conductance, peaks affect 
stomatal control and may predispose trees to drought 
stress (Paoletti and Grulke 2005). Mature deciduous 
trees from a mixed forest were shown to amplify 
diurnal water loss because of O
3
-induced increases in 
sap-flow (McLaughlin et al. 2007). Ozone may alter 
tree leaf chemistry and insect herbivore performance 
(Percy et al. 2002, Valkama et al. 2007). In the San 
Bernardino Mountains of south-central California, 
bark beetle activity and mortality of ponderosa and 
Jeffrey pine (P. jeffreyi) were positively related to O
3
 
injury and N deposition or experimentally amended 
N level (Stark et al. 1968, Eatough-Jones et al. 2004). 
Environmental factors that reduce stomatal aperture, 
such as drought and O
3
, and the root-to-shoot ratio, 
such as O
3
 and N, consequently reduce both C acqui-
sition in the short term (daily, cumulative) and nutri-
ent flow in the transpirational stream to the foliage 
over the long term (months). When attacked, resin 
production provides both a physical and chemical 
impedance to bark beetle attack. Oleoresin pressure, 
related to the turgor potential of cells lining the resin 
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ducts, forces pre-formed resin to the site of invasion. 
The cell turgor is derived from the transpirational 
stream; thus, if the tree is under O
3
, N, or drought 
stress, the resin pressure is reduced (Vité 1961). Once 
mature bark beetles emerge from the galleries, they 
begin searching for a host. Interestingly, conifers 
under moderate drought stress produce jasmonate, a 
plant hormone that stimulates resin production (Ze-
neli et al. 2006). Dense stands of pine, overgrown 
from excess N deposition and historic land manage-
ment practices, may produce ample signal (terpene 
production), which could alter non-olfactory aspects 
of short-range host selection behaviour (Grulke et al. 
2009). Warmer springs are anticipating the start of the 
second generation of bark beetles in the southeastern 
Alps (Faccoli 2009), suggesting that climate change 
increases bark beetle pressure also by increasing the 
number of generations in a year.
4.5 Mitigation of Air Pollution 
and Its Effects on Forests
4.5.1 Examples of Regional 
Air Pollution Control
In East Asia, EANET has started a process to dis-
cuss an appropriate instrument and its legal status 
to provide a sound basis for financial contribution to 
EANET. Among the activities being implemented by 
EANET are capacity building, information sharing, 
and raising public awareness on acid deposition and 
related air pollution issues. There are other initiatives 
promoting regional environmental cooperation in 
East Asia, such as the north-east Asian Sub-regional 
Programme for Environmental Cooperation (NEAS-
PEC), the ASEAN Transboundary Haze Agreement 
in Southeast Asia, as well as programs implemented 
under UNEP. It is hoped that the current efforts and 
pollution abatement measures of the countries can 
effectively conserve the vast and varied forest eco-
systems of East Asia.
Most countries in Europe, the European Commu-
nity, and several countries in North America and Asia 
have signed CLRTAP under UNECE (Section 4.2.1). 
CLRTAP is meeting its aim to control air pollution 
by means of a series of legally binding protocols on 
the reduction of emissions of S, N, O
3
, heavy met-
als, VOCs, and persistent organic pollutants (POPs). 
Within the last three decades, CLRTAP and related 
legislation of the EC have succeeded in improving 
air quality and reducing deposition of air pollutants. 
Between 1980 and 2000, S deposition decreased by 
70%, and N deposition decreased by 30% in Europe 
(Section 4.2.2).
The success in air pollution control is not only 
reflected by decreasing deposition in the forests in 
Europe (Section 4.2.2), there are also first indica-
tions of the start of recovery of forest soils and trees. 
There is a correlation between the decrease in de-
foliation of Pinus sylvestris in Europe since 1994 
and the decrease in S deposition. This holds true 
in particular in regions of previously high sulphur 
deposition and defoliation in parts of Poland, the 
Czech Republic, the Slovak Republic, and the Bal-
tic States (Figure 4.3) (Lorenz 2004). De Vries et 
al. (2001) reported the recovery of forest soils from 
S deposition. Lorenz et al. (2007) concluded that 
the acidity of forest soils was the highest around 
1990, and decreased within the last decade. Dynamic 
modelling approaches predict that the acidity of soil 
solution will continue to decrease if air pollution 
control continues to be implemented, as specified 
by the CLRTAP protocols.
In Russia, sulphur dioxide emissions from the 
largest non-ferrous smelter complexes located on 
the Kola peninsula and Norilsk have decreased 
substantially during the last couple of decades due 
to changes in production and better technology for 
controlling emissions. The main reductions have 
occurred since 1995, and have been considerably 
greater on the Kola Peninsula than at Norilsk. SO
2
 
emissions from the Pechenganickel (Zapolyarnyy/
Nikel) and Severonickel (Monchegorsk) smelters 
decreased by 1.7 and 5 times, and emissions of 
heavy metals from the Severonikel smelter on the 
Kola Peninsula decreased considerably (as much as 
2–3 times). A further decrease in the emissions of 
pollutants is needed.
4.5.2 Possibilities of Adaptation to 
Air Pollution
According to a meta-analysis of peer-reviewed stud-
ies (De Schrijver et al. 2007b), atmospheric deposi-
tion of acidifying and eutrophying compounds and 
the leaching of nitrate, sulphate, and base cations 
(e.g., calcium [Ca] and magnesium [Mg]) from the 
soil were significantly higher in coniferous forests 
than in deciduous forests at comparable sites. De-
ciduous forests annually received less N and S via 
throughfall (+ stemflow) deposition on the forest 
floor than adjacent coniferous forests. The mean ra-
tio of throughfall (+ stemflow) deposition flux under 
coniferous and deciduous canopies was 1.72 for both 
ammonium (NH
4
+) and nitrate (NO
3
–), and 1.74 for 
sulphate (SO
4
2–). The deposition of base cations was 
also significantly higher for coniferous than decidu-
ous forests, but to a smaller extent than for N and 
S. Coniferous forests thus annually intercept more 
atmospheric pollutants than deciduous forests in 
comparable site conditions, most probably due to 
the generally higher height and stand density and 
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the evergreen character of coniferous forests and the 
long narrow shape of their needles. The significantly 
higher throughfall (+ stemflow) flux of inorganic N 
in coniferous forests is clearly reflected in the higher 
leaching of nutrients from the soil. Leaching was, on 
average, almost twelve times higher under coniferous 
than deciduous forest stands for NO
3
–, and ten times 
higher for inorganic N. Sulphate leaching was, on 
average, 1.6 times higher under coniferous soils. The 
leaching of NO
3
– and SO
4
2– was closely related to the 
leaching of base cations and aluminium.
Consequently, the conversion of high-density 
pine plantations into deciduous forest types can re-
duce the atmospheric input of eutrophying and pot-
entially acidifying deposition to forest ecosystems 
and, in the long term, decrease the loss of essential 
nutrients from forest soils. Combined with the gen-
erally higher litter quality of deciduous forests, and 
the consequently faster decomposition and internal 
nutrient cycling, effects of air pollution can be dimin-
ished by conversion to deciduous forests.
The effect of deciduous vs. coniferous forest type 
on acidifying and eutrophying deposition is even 
more enhanced in forest edges than in the interior 
of forest stands. Hence, tree species choice is even 
more important in landscapes with fragmented for-
ests. Forest fragmentation occurs when continuous 
forests are divided into smaller isolated patches by 
activities such as timber harvesting, road construc-
tion, clearing for agricultural expansion, urbanisa-
tion, or other human development. Increasing for-
est fragmentation increases the proportion of forest 
area exposed to forest edge effects, so that forest 
edges can become dominant features of the land-
scape (De Schrijver et al. 2007a, Echeverria et al. 
2008). The edge between forested and non-forested 
area can have important effects on microclimate, for-
est regeneration, and biodiversity, and also affects 
nutrient fluxes. Many nutrients and pollutants are 
delivered to ecosystems via atmospheric transport 
and wet, dry, and occult deposition. Because of the 
steep transition in vegetation height at most forest 
edges, air flow is disrupted, and canopy wind speed 
and air turbulence are enhanced at the edge, thus en-
Figure 4.3 Changes in defoliation of Pinus sylvestris from 1994 to 2000 in percent 
of defoliation (Lorenz 2004).
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hancing dry deposition of particles and gases. Thus, 
forest edges have been shown to act as hotspots of 
deposition, showing up to a fourfold increase in the 
rate of atmospheric delivery compared with nearby 
areas without edges (Weathers et al. 2001; see De 
Schrijver et al. 2007 for a review). In addition to 
these atmospheric processes, edge gradients in forest 
structure, soil, microclimate, and precipitation can 
alter nutrient fluxes in forest edges.
Adaptive forest management is of great import-
ance in Russia. A forest monitoring system provid-
ing reliable, internationally harmonised data is being 
developed in Russia to assist in decision making. ICP 
Forests monitoring activities are currently carried out 
by the Federal Agency of Forestry in the Leningrad, 
Pskov, Novgorod, Kaliningrad, and Murmansk ob-
lasts, and in the Republic of Karelia, in the 500 km-
wide zone along Russia’s western borders. Because 
fires are a major source of many pollutants, more 
efficient forest protection from fires will result in 
a significant decrease in air pollution. The remote 
sensing monitoring information system for fire detec-
tion and propagation prevention is now operating at 
the Federal Agency of Forestry. Possible technolo-
gies for the rehabilitation of land subjected to air 
pollution have been suggested, and first results on 
their implementation by local forestry enterprises 
have recently been received. For supporting the 
vitality of coniferous forests at a distance from the 
smelters, the approaches to their nutritional status 
improvement by treatment of the soil with appropri-
ate ameliorative substances and fertilisers have also 
been suggested.
Mitigating tropospheric O
3
 means reducing emis-
sions of precursor chemicals, particularly NOx and 
VOCs. In the USA, control options for O
3
 include 
tailpipe NOx filters in vehicles and regulation of 
oil tankers and gasoline stations to reduce leakage 
into the environment (USCCTP 2005). Because the 
chemical reactions that produce O
3
 increase at higher 
temperatures, simple measures that reduce the urban 
heat-island effect (such as white or green roofs, solar 
panels covering roofs, or shade trees) can also lower 
precursors to O
3
 production (USCCTP 2005). Con-
centrating air pollution control on tropospheric O
3
 
is likely to yield significant cross-cutting benefits 
in terms of climate, human health, forests, and agri-
culture. It is also likely to be highly cost-effective 
because much of the technology to control emissions 
already exists and has been deployed with effect in 
developed countries (Moore 2009). Working Group 
3 of the IPCC Fourth Assessment Report discusses 
several climate change mitigation policies that also 
have air pollution co-benefits. Most decarbonisation 
strategies in the electricity and transport sectors, 
either by increasing energy efficiency or switching to 
renewable technologies, will reduce emissions of air 
pollutants, including O
3
 precursors and black carbon. 
Depending on the valuation of these health benefits, 
they could amount to as much as three to four times 
the cost of mitigation (Barker et al. 2007).
The technologies available for the restoration of 
land impacted by air pollution have been elaborated 
and have recently been applied in the surroundings 
of the most significant sources of air pollution in 
Northern Europe – the “Severonikel” and “Pechen-
ganikel” smelters on the Kola peninsula. Today, soil 
properties are a more critical factor in the suppression 
of vegetation cover development than air quality. 
Limestone application and treatment of the soil with 
fertilisers promote colonisation by native plant spe-
cies: mosses, herb plants, and willows in the polluted 
areas. The introduction of grass species in the barren 
land gives some advantages: rapid establishment of 
plant cover and improvement of soil nutrient status 
for succeeding colonisation by native plants species, 
including woody plants, such as willows. Seeding 
with grasses in the zone of semi-barren woodland 
contributes to the development of an understorey 
layer, which is currently almost absent. This allows 
improvement of the soil conditions for succeeding 
colonisation by native plants species. The limiting 
factors for plant cover development in the barren 
areas are not only unfavourable soil conditions, such 
as a deficiency of nutrients and toxicity of heavy 
metals, but also seed availability. Because there is 
a small resident bank of seeds, birch and willow 
planting has been conducted in order to contribute 
to the rapid development of a tree layer.
4.6 Conclusions
Growing awareness of air pollution effects on forests 
has, from the early 1980s on, led to intensive forest 
damage research and monitoring. Results of forest 
damage research and monitoring have fostered air 
pollution control, especially in Europe and North 
America, and to a smaller extent also in other parts 
of the world. In these areas, air pollution control 
has already succeeded in improving air quality and 
decreasing atmospheric deposition. Clean air policies 
under CLRTAP in Europe have reduced S emissions 
within the last three decades by 80% and N emissions 
by 30%. The frequency of O
3
 peak concentrations has 
decreased. At several sites there are first indications 
of a recovery of forest soil and tree conditions that 
may be attributed to improved air quality.
The fact that exaggerated predictions of large-
scale forest dieback did not prove true, and that forest 
condition shows first – even if modest – indications 
of improvement, caused a decrease in the attention 
paid by politicians and the public to air pollution 
effects on forests. But, despite undeniable success 
of clean air policies, air pollution continues to affect 
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the structure and functioning of forest ecosystems 
in many regions of the world. Even after three 
decades of air pollution control under CLRTAP in 
Europe, critical loads of acidity and of nitrogen, in 
particular, are exceeded on the majority of forest 
sites. Constituting not only a most phytotoxic air 
pollutant but also a greenhouse gas, O
3
 shows even 
rising air concentrations at the global scale. While 
for these reasons air pollution control will have to 
be continued in Europe and North America, efforts 
in clean air politics have to be fostered, or even initi-
ated, in other parts of the world. In Russia and Asia, 
air pollution has long been recognised as a problem 
for forest health. Systematic monitoring of air pollu-
tion effects on forests, as well air pollution control, 
have been launched. In Latin America and Africa, 
however, there are fears that air pollution must also 
affect forest condition – at least in the vicinity of big 
cities and in certain regions of growing industrialisa-
tion. But systematic monitoring and research on air 
pollution effects on forests aimed at a conversion 
of scientific findings into clean air policies are only 
little developed in those parts of the world.
While at the political level, attention to climate 
change is focussed on questions of CO
2
 emission 
and carbon sequestration, relationships between air 
pollution and climate change are hardly recognised. 
These relationships should be increasingly empha-
sised and explored by scientists.
At present, there are well-established relation-
ships between the exceedance of critical level/loads 
of pollutants and ecosystem degradation. Neverthe-
less, ecological interactions between critical loads 
and other environmental factors, such as the impacts 
of increased concentrations of CO
2
 and O
3
, insects, 
pathogens, fire, drought, flooding, wind, and extreme 
temperatures, as well as ecosystem management 
practices, are still poorly understood (McNulty et 
al. submitted). There is a need to develop dynamic 
models for calculating critical loads, i.e., addressing 
changing levels of deposition and their effects, to 
define suitable indicators and damage thresholds, 
and to evaluate the combination of critical loads with 
other indicators of environmental stress.
A new approach based on stomatal O
3
 flux is 
under consideration for establishing O
3
 uptake-based 
critical levels for the protection of vegetation (Paol-
etti and Manning 2007). Such an approach should 
be tested on a wide range of species of conservation 
importance. Most observations of O
3
 effects on trees 
have been made on northern temperate species (Wit-
tig et al. 2009). More and longer duration open-air 
studies on mature trees in different forest types are 
critical if we are going to understand future changes 
to forest productivity.
Current process models are parameterised with 
data collected under steady-state conditions, yet 
environmental conditions in natural forest systems 
are highly dynamic. Focused research and model 
development incorporating stomatal responses and 
C balance under dynamic environmental conditions 
(e.g., rapid changes in light and medium term chan-
ges in humidity) will improve predictive capabilities 
of models.
New long-term forest monitoring approaches 
must be developed in order to translate the atmos-
pheric changes in climate and pollution into bio-
logical effects on forests (Fischer 2008). Large-scale 
monitoring data should be available to the whole 
scientific community.
Future research should focus on the interacting 
impacts on forest trees and ecosystems. The integra-
tive effects of air pollution and climatic change, in 
particular elevated O
3
, altered nutrient, temperature, 
water availability, and elevated CO
2
, will be key 
issues for impact research. An important improve-
ment in our understanding might be obtained by the 
combination of long-term multidisciplinary experi-
ments with ecosystem-level monitoring, and the 
integration of the results with ecosystem modelling 
within a multiple-constraint framework.
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Abstract: Globally, water is recognised as a key resource for growing cities and to 
sustainably increase production of food and energy under threat from climate chance. 
There is also increasing recognition of the need for more sustainable and transparent 
management of water resources. Trees and forests, be they cultivated more or less 
intensively or natural forests in various degrees of degradation and fragmentation, have 
a central role in water cycling and for protecting water quality. This chapter reviews 
the role and function of forests in water cycling and management, but also how this 
knowledge and/or beliefs affect policies and governance of forests with regard to 
water management. The main objective is to develop a common understanding of the 
basis of the role of forest management in water governance and a readiness for the 
diversity of scenarios in a global change perspective on these issues. The chapter gives 
a short review of the biophysical understanding of forest and water relationships, and 
also how this leads to different perceptions and policies on the ecological services, or 
benefits, that forests provide. Perceptions of such benefits are dependent on a num-
ber of factors, including what characteristics of water quality or quantity are desired, 
and also what are the different dependencies and perceptions of the values provided 
by the forests themselves, apart from their effects on water resources. In relation to 
this, descriptions of current and developing governance systems, such as “payment for 
environmental services” are given. In conjunction, the strong link between the role 
of trees in soil and water management, and the increasing role of forests for carbon 
sequestration and climate change adaptation are discussed. Major conclusions include 
emphasis on preparedness for solutions where forest management is part of water 
governance in landscape perspectives to meet the needs of many different land users. 
In this sense, we emphasise that general policies cannot meet sound forest and water 
governance, but locally/regionally based models and scenarios need to be used as the 
basis for governance systems. In many parts of the developing world, this puts demand 
on more empirical data as well as national capacities for research and governance, 
including transparency and local involvement of stakeholders.
Keywords: trees, water quality, water supply, water use, flood control, green water, PES, 
REDD, drought, climate change, modeling
■
GLOBAL ENVIRONMENTAL CHANGES
5.1 Background and 
Introduction
5.1.1 Water Will Be Increasingly 
Precious for Development
More than 1.2 billion people live under physical wa-
ter scarcity (in areas with more than 75% of river 
flows withdrawn for various reasons) (UN 2009). 
Another 1.6 billion people live in areas of economic 
water scarcity where human, institutional, and finan-
cial capital limit access to water even though water in 
nature is available locally to meet human demands. 
At the same time, a target under the Millennium De-
velopment Goals (MDGs) is to “halve, by 2015, the 
proportion of the population without sustainable ac-
cess to safe drinking water and basic sanitation.” The 
United Nation (UN) is forecasting that the population 
of the planet will increase with another 3 billion 
people until 2050. Most of this population growth 
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will take place in drier regions, and most of these 
people will live in cities to be supplied with clean 
water. At the same time, the expected increased use 
of biofuels to replace fossil fuels, the increased need 
for food, and the need to adapt to climate change, are 
all expected to put a tremendous demand on water. 
Hence, water will be increasingly central for devel-
opment and climate change adaptation.
5.1.2 Forests Play a Key Role in Drivers 
of Change for Water Availability
The relationship between forests and human water 
supply is often central in perceptions of water in 
regional, landscape, and watershed scales. In most 
parts of the world, local rainfall is not enough to 
sustain agriculture, industry, and household water 
consumption. Surrounding “upland” areas, often 
with traditional non-intensive human activity, are 
looked upon as important sources of groundwa-
ter and stream-water for downstream users. These 
water source areas are often either forested, under 
deforestation, or are historically deforested. The 
management and state of these (forest-) lands may 
conserve or reduce water supply and quality, as will 
be reviewed below.
Looking ahead, there are a number of increasing 
global trends that influence both forest management 
and water use, and that enhance the links between 
them. Over time, at scales of decades and even centu-
ries, the rates of forest clearing have evolved accord-
ing to a pattern described as “the forest transition” 
(Rudel et al. 2005). Changing rates of deforestation 
correspond to a trajectory of forest cover change – 
from abundant forest and low rates of forest loss, 
to accelerating deforestation and often massive loss 
of forest cover. Eventually, deforestation slows and 
forest cover reaches a nadir beyond which afforesta-
tion occurs, either naturally on abandoned land, or 
through strategic land use planning mostly as planta-
tions (Kauppi et al. 2006). Outside of forests, the pro-
portion of trees on farms varies considerably among 
countries, but throughout the tropics, the number of 
trees on farms is increasing (FAO 2005). The increase 
in forest area is so far mainly through monoculture 
plantations. Findings on the effect of forest cover 
on hydrological processes are, however, variable for 
different places. For example, in China, streamflow 
increased due to reforestation in the upstream area of 
the Yangtze River (Cheng 1991), whereas it increased 
following deforestation in the Loess Plateau area 
(Liu and Zhong 1978).
General development of previously poor societ-
ies most often leads to increased water consump-
Photo 5.1 In less developed countries the responsibility of household water supply is often with women 
and children and can take considerable time (northern Lao PDR).
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tion. Many of the MDGs, not only the ones directly 
dealing with water, put pressure on increased avail-
ability of water through increasing food production, 
increased sanitation and health care, and also through 
increasing pressure on the alternative use of forest 
land (for agriculture and urban development).
A number of the effects of global climate change 
are also putting pressure on the relationships between 
forests and water. Firstly, increased or decreased 
rainfall and temperature will, of course, directly 
affect water availability, and will, evidently, also 
lead to changes in nature and distribution of forest 
cover spatially and/or qualitatively. Secondly, car-
bon mitigating measures with Clean Development 
Mechanism (CDM) and Reducing Emissions from 
Deforestation and Degradation (REDD) projects are 
expected to increase dramatically in the near future, 
leading to increasing and improving forest cover with 
large consequences on water management (Trabucco 
et al. 2008). Thirdly, the quest for non-fossil fuels 
will lead to increased forest cultivation for energy 
purposes in some cases, and may also lead to conver-
sion of forests to other energy crops in other regions. 
Obviously, the fate of the relationships between 
forests and water under climate change and climate 
change adaptation will be very complex and difficult 
to forecast, depending on large regional differences; 
added to which there are partial weaknesses in the 
empirical base for forest hydrology (Malmer et al. 
2010) and uncertainties in governance and economic 
development (Oki and Kanae 2006).
5.1.3 Problems for Science and 
Its Policy Interface
The interactions of forests, land, and water have long 
been discussed and debated. The role of forests in 
sustaining water supplies, preventing soil erosion, 
and in the control of catastrophic floods and land-
slides, has been claimed and challenged (e.g., Ham-
ilton and King 1983, Andreassian 2004). Land use/
cover is intrinsically linked with the hydrological 
cycle, therefore, a land use decision is often a wa-
ter decision (Bosch and Hewlett 1982, Falkenmark 
1999). Sustainable management of forest land by 
upland farmers may contribute to a timely volume 
and quality of water, reduced sediment, and reduced 
risk for flooding for downstream ecosystems and 
societies. There are many perceptions and generalisa-
tions about the above-mentioned perceived benefits 
of forests on water management, but tree planting in 
one part of a landscape may not boost all the water-
related benefits in all other parts of the landscape 
(e.g., Calder et al. 2004). One example is the strong 
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Photo 5.2 Forests may help in water quality and flow regulation(Lao PDR).
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link and possible synergy, or the trade-offs between 
tree planting, soil carbon storage, and water infiltra-
bility of soils on one hand, and the increased water 
use by the planted trees on the other hand (Malmer 
et al. 2010).
Hence, the study of the hydrological consequenc-
es of forest cover is complicated by great spatial 
and temporal variability of land use/cover change, 
as well as hydrological systems. Much of the current 
understanding of forest cover effects on hydrology is 
derived from controlled, experimental manipulations 
of the land surface at particular scales and limited 
time periods. The often-used paired watershed study 
has its limitations, often lacking experimental repli-
cation across a full range of natural conditions (An-
dreassian 2004) and giving results for a “black box 
full-landscape unit,” and, as such, not giving data for 
resolving questions about landscapes with complex 
land-use distribution (Bruijnzeel 1990, 2004). There 
are few examples for controlled long-term studies on 
permanent land “conversions” (e.g., forest to agri-
culture, agriculture to urban, etc.) at multiple scales 
(DeFries and Eshleman 2004).
Understanding the role of forest cover in fresh-
water and hydrologic processes, and the feedback 
of hydro-meteorological processes to forest cover, 
are also emerging aspects of global change science 
and hypothesis development (e.g., Jackson et al. 
2005, Sheil and Murdiyarso 2009). The effect of 
forest cover changes on climate, especially redis-
tributed rain on continental landscapes, such as in 
the Amazon basin, is still unclear given the current 
methodological limitations (Costa 2005, Malmer et 
al. 2005). On various scales, advances in satellite 
remote-sensing technology and the availability of 
new data (e.g., hydro-meteorological data), together 
with progress in computation and statistics, have sig-
nificantly enhanced modelling capabilities for pre-
Jonas Ardö
The Sahel is a zone with a gradient from arid to 
semi-arid environments south of the Sahara and 
stretching from the Ethiopian highlands to the tip of 
West Africa in Senegal. The region has been known 
for desertification, droughts, and famine since the 
mid 1980s, reflecting long term decreasing rainfall 
in the region since the 1960s, even if a period of 
precipitation recovery has been reported (Hickler et 
al. 2005, Giannini et al. 2008), especially for eastern 
Sahel (Ali and Lebel 2009). Savannahs and park-
lands, characterised by the co-dominance of trees 
and grasses, are important, multi-purpose ecosys-
tems in the Sahel where tree density determines 
ecosystem properties.
Initially, there was strong emphasis on the hu-
man component as causing the degradation in this 
region through too-intensive grazing, wood collec-
tion, or cultivation. Political instability has worsened 
situations, but, looking back, periods of wet seasons 
with higher rainfall have also been shown to allow 
recovery in areas previously struck by desertifica-
tion (Olsson 1993, Hickler et. al. 2005, Olsson et 
al. 2005). Natural global fluctuations, mainly of 
sea surface temperatures, are today the main ex-
planation for existing long-term trends of drier wet 
seasons in semi-arid West Africa, although positive 
feedbacks from land surface changes are likely to 
amplify ocean-forced climate change (Giannini et 
al. 2008).
In this region, water harvesting techniques to 
increase infiltration on site from scarce rainfall are 
becoming increasingly important (Barron 2009). 
Also, management of soil organic matter (SOM) 
is crucial for water infiltrability, water-holding ca-
pacity, as well as for carbon storage. In this matter, 
trees have a role. Gnankambary (2007) has shown 
that in traditionally cultivated parklands, infiltrabil-
ity is higher under trees than in between – a very 
important finding in landscapes where traditionally 
cultivated land with trees is becoming more scarce 
(McCauley 2003). Additionally, inter-cropping 
(agroforestry) reduces soil evaporation; improves 
soil structure, soil texture, and soil nutrient status; 
and can increase water use efficiency (Ardö et al. 
2008).
SOM, as supplied by trees and/or mulched har-
vest residues, may improve adaptation to a drier 
climate by improved harvest in dry years and dry 
spells (allowing more available water in topsoils 
(e.g., Ouattara et al. 2008). Such projections on 
vegetation response to future climate, as simulated 
by Global Circulation Models (GCMs) for more 
tree-dominated ecosystems, may well be valid for 
the Sahel, as suggested for East Africa (Doherty et 
al. 2009). Still, competition for land for large-scale 
commercial use and smallholder need for land, with 
or without trees included, will increase in the Sahel. 
This has to be met with a multitude of strategies 
proposed for the efficient governance and sustain-
able use of land, water, and forest resources to adapt 
life styles to climate change and climate variability, 
as well as to maintain food security.
Box 5.1 Water challenges in the Sahel – human or natural. An example of complexity
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dicting hydrological consequences of forest cover 
change and for forecasting ecosystem changes. For 
some regions and land uses, though, there is still a 
lack of empirical data for model validation and input 
(typically the seasonal tropics) (Scott et al. 2005, 
Malmer et al. 2010).
Previous generalisations about forest and water 
relationships are often taken for granted (cf. Box 5.2) 
and will need to be more scientifically defensible, 
site-specific, and flexible in the face of uncertainty 
and natural variability because land use will need to 
be more intensified, complex, and efficient in order 
to meet the trends and challenges described above. 
We will need to have better knowledge and tools to 
understand and to manage trade-offs and synergies 
between forests and water management. Even if the 
trends are global, the relevant scale for the manage-
ment of forests and water is in the land-use mosaic 
of landscapes and watersheds. The academic and 
societal readiness, mirrored in ongoing adaptation 
and in preparedness to meet challenges, is intensely 
varied in different regions. This chapter aims to 
review current trends and the knowledge base for 
integrated forest and water management.
5.2 The Role of Forests in 
Water Cycling
5.2.1 Trees Use More Water
It is a fundamental fact that trees use more water than 
most other crops or natural vegetation. This water 
use (Evapotranspiration, ET) consists of evapora-
tion from rainfall (precipitation, P) trapped in the 
tree crowns (interception, Ei) and evaporation from 
the leaf stomata (transpiration, Et) driving the wa-
ter transport in the tree for its water and nutrient 
uptake (Figure 5.1). Because of the larger leaf area 
and deep rooting, ET of a forest is almost always 
larger than ET for other vegetation following de-
forestation, leaving a larger water surplus to feed 
groundwater and streamflow (Bosch and Hewlett 
1982). This could also be expressed as a positive 
relationship between biomass production and water 
use (Rockström 2003).
The conceptual model of distinguishing between 
green water (vapour flows needed for all vegetation 
– Et and Ei in Figure 5.1) and blue water available 
for human and societal use in groundwater storage 
and streamflow (Falkenmark 1999), is helpful and 
often used in the science-policy interface.
Figure 5.1 The main effects of trees on water. Evapotranspiration from rain trapped in 
tree crowns (Ei) and water taken up from soil (Et) is generally greater for forest than 
other vegetation. On the other hand the ratio between water infiltrated into soil in 
relation to quick surface runoff (Inf/Rsurf) is also greater under trees. The total effect 
on change in groundwater storage (∆S) is often negative for planted monocultures 
compared to old growth forest and grassland but is also highly dependent on site specific 
characteristics. The value of the extra water used by trees has to be balanced against 
other societal values like soil stability, wood production and carbon sequestration etc. 
(e.g., Trabucco et al. 2008).
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5.2.2. Trees Protect Soils and Water 
Quality
Most soils (apart from very coarse-grained ones) 
need biological activity and organic material to 
maintain a soil structure with sufficiently large soil 
pores, so that water will enter the soil (infiltrate) 
rather than run off over its surface. With low infiltra-
bility (Inf), more water may become surface runoff 
(Rsurf) during rain events, and may cause erosion 
and carry sediments to streams. A healthy vegeta-
tion cover is important for maintaining high soil 
infiltrability. The vegetation continuously produces 
biomass and provides organic matter to the soil to 
balance the decomposition of organic matter. Trees, 
whether solitary or in forest stands, are most effi-
cient litter producers. When vegetation is over-used, 
such as under different combinations of deforestation 
and non-sustainable grazing and agriculture, litter-
fall is dramatically reduced and soil organic matter 
(SOM) decreases, as decomposition will supersede 
litter input until an equilibrium with lower SOM and 
less-effective soil structure and infiltration is reached 
(Perrolf and Sandström 1995).
5.2.3 Trees Assist Groundwater 
Recharge in Contrast to Fast Surface 
Runoff
Soil with a healthy tree cover, or where trees are 
sustainably re-introduced, have higher infiltrability 
(Ilstedt et al. 2007). With deforestation and diminish-
ing SOM content, as described above, infiltrability is 
reduced. This process is faster in the tropics due to 
more rapid SOM decomposition and soil reworking 
by organisms (bioturbation), and even more so in 
semi-arid regions because of less efficient vegetation 
succession to protect the soil surface from heating, 
and erosion of the less compact topsoil (Perrolf and 
Sandström 1995). Furthermore, it is argued that trees 
maintain more macropores (from decomposed roots 
and soil bioturbation) to a greater depth in the soil, 
which has been shown to be important for more ef-
ficient water percolation to the groundwater (Elsen-
beer 2001).
5.2.4 How Do Trees Control 
Streamflow, Baseflow and Stormflow?
There are often expectations on the role of forests 
in flood control. For example, under current discus-
sions about negative effects of climate change, much 
Anders Malmer
Since the 1970s the potential of deforestation to 
degrade soils and increase surface runoff has been 
strongly demonstrated, not least in the tropics, where 
there is higher pressure on the land and faster soil 
processes (Eckholm 1976). Desertification, failures 
of rehabilitation and clean water supply, declines in 
soil fertility and resulting famines, have prompted 
research on soil degradation. Maintaining trees, 
implementation of physical measures like contour 
ploughing and terracing, and tree management con-
cepts like agroforestry, have repeatedly been proved 
to sustain nutrition, soil organic matter (SOM), and 
infiltrability in trials at plot scale (Hurni and Tato 
1992).
Similarly, the benefits of reforestation by im-
proving water availability has also been taken for 
granted for decades, (i.e., forests maintaining infil-
trability and thereby promoting local groundwater 
recharge in the wet season, to improve dry season 
water availability, or trees acting as “sponges”). 
One reason for the controversy is that the “sponge 
theory” contradicts the scientific evidence that trees 
use more water from soil and groundwater. Much 
less research has been done in these aspects of wa-
ter use compared to the above described aspects 
of soil quality, because it is more difficult, partly 
because portions of the processes needing research 
occur below ground, demand more expensive equip-
ment, entail long-term efforts, and are difficult to 
do in larger heterogeneous landscapes. Very few 
empirical studies have been established in tropical 
semi-arid regions; the ones that do exist all confirm 
decreasing groundwater resources upon reforesta-
tion. Thus, billions spent in reforestation for water 
improvement, and even the justification for “pay-
ment for ecosystem services” (PES) schemes, can 
be questioned (Kaimowitz 2005). However, many 
forest hydrologists still argue that synergies or 
trade-offs between soil quality/sustained produc-
tion, water quality and water quantity needs to be 
better known for more edaphic and socioeconomic 
situations (Scott and Prinsloo 2008, Trabucco et al. 
2008, Malmer et al. 2009).
Box 5.2 Controversy: Do forests act like sponges to conserve water?
5 FOREST COVER AND GLOBAL WATER GOVERNANCE
81
5 FOREST COVER AND GLOBAL WATER GOVERNANCE
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
interest is centered on too much water for the Asian 
monsoon-dominant region and too little for large 
parts of Africa. Sustained dry season flows of rivers 
to downstream users in semi-arid areas, and areas 
facing an increasing risk of dry spells, and the role 
of forests in these situations is under scientific de-
bate (Box 5.2). Reviews of accumulating empirical 
studies (Farley et al. 2005, Scott et al. 2005) and 
meta-analysis of available empirical data (Locatelli 
and Vignola 2009) claim that the effect of trees using 
more water than other land uses over-rides the effect 
of possibly better groundwater recharge, leading to 
ultimate reduction in baseflows compared to non-
forested areas. However, there is a growing aware-
ness about the paucity of studies in tropical semi-arid 
areas (Locatelli and Vignola 2009), especially when 
planting trees in degraded soils (Scott et al. 2005, 
Malmer et al. 2010).
The link between forest cover and flooding has 
been challenged for decades. At larger scales, the 
flood-reducing effect of a good forest cover seen in 
small plots and catchments with 100% homogeneous 
land-use typically disappears (e.g., Wilk and Hughes 
2002). In fact, studies in America and the Himalayas 
indicate that the increase in infiltrability of forested 
lands over non-forested lands where the soil remains 
essentially sound, is insufficient to influence major 
downstream flooding events (Gilmour et al. 1987, 
Hamilton 1987). In fact, studies in America, South 
Africa, and the Himalayas indicate that the change in 
vegetation type alone (forest cover compared to non-
forested lands) where the soil remains essentially 
sound, is insufficient to influence major downstream 
flooding events (Bosch and Hewlett 1982, Gilmour 
et al. 1987, Hamilton 1987).Instead, the intensity, 
amount, and spatial distribution of rainfall are the 
key elements determining the extent and magnitude 
of damage caused by such disasters, although local 
geology, forest cover, and steepness of slopes are also 
important contributing factors. Massive programs of 
forestation that have often been proclaimed as “the 
answer” for preventing floods are simply not support-
ed by scientific evidence (FAO and CIFOR 2005). 
Rather, van Dijk et al. (2009) showed and discussed 
population density to be a strong determinant in a 
complex relationship with flooding. Recent meta-
analysis also cannot support significant differences 
in stormflows between forests and open land, but 
again, as for baseflows, the data set is poor (Locatelli 
and Vignola 2009).
5.2.5 Spatial Impacts
Scale is still considered to be the unresolved prob-
lem in hydrology. Much is known about hydrologi-
cal processes in forests at a small catchment scale 
(e.g., 10 to 1000 ha). Kiersch (2001) concluded that 
land use impacts on hydrological parameters and 
sediment transport are inversely related to the spa-
tial scale at which the impacts can be observed. The 
forest cover effects on freshwater and flooding can 
be measured only in relatively small basins where 
a large portion of land cover is changed (Bruijnzeel 
2004). In contrast, impacts of land use changes on 
water quality parameters may be relevant to society 
at the higher meso- and macro-scales (Table 5.1). 
While the documentation of effects of human in-
terventions at the micro-scale is easily possible, the 
changes in flood peaks, sediment load, and baseflow 
at the landscape and regional scales are the result of a 
mosaic of land uses, changing over time, and super-
imposed on natural processes at a larger scale (like 
large-scale frontal rainfall), which typically makes 
the effect of the natural process more dominant (Ives 
and Messerli 1989).
5.2.6 Temporal Impacts
It is also important to note that the impact of these 
land use and cover changes is variable in terms of the 
time scale (Figure 5.2). While river and lake qual-
ity can be restored in relatively short time, severe 
impoverishment of biodiversity may be irreversible 
in a human time perspective. Any planting of trees 
or current changes in the land use and cover that 
involve indigenous flora or the natural multiplica-
tion of fauna, such as soil physical rehabilitation, 
takes time and is an investment in the future. The 
positive effects of any intervention of this kind will 
only become apparent in the years to come. If fast 
effects are required, other means will need to be 
employed.
Bruijnzeel and Bremmer (1989) noted that, es-
pecially in the case of sediment in rivers, time is a 
very important factor. Even after a beneficial land 
use change, there is still enough sediment stored in 
the system from prior erosion (man-made and natu-
ral) that may lead to elevated sediment loads in the 
rivers for long times. A more detailed example of 
the impacts of different land use decisions on water 
quality, and at what spatial and temporal scales these 
impacts are active, is given in Table 5.1.
5.2.7 Combinations of Spatial and 
Temporal Effects
Floods and droughts are not new phenomena. In his-
tory, cycles are revealed within which major flooding 
tends to occur at fairly regular intervals (see Box 5.1). 
These cycles appear to be driven by major climatic 
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patterns (such as those resulting from the influence 
of cyclical warm ocean currents) (Giannini et al. 
2008). Extreme weather events occur as a result of 
normal fluctuations of climate, although there is an 
increasing frequency that may not be within normal 
range. Furthermore, frequent extreme weather and 
floods cause more loss of human life and property 
due to poor land use practices, poor planning, and 
urbanisation on flood-prone areas. Badly designed 
and constructed infrastructure (e.g., roads along steep 
slopes, dams built near seismic faults) can lead to 
disasters, particularly in vulnerable habitats such as 
in mountainous regions. Mountain farmers are often 
blamed for cutting forests or for badly constructed 
terraces when floods and erosion/landslides occur. 
But often these are a result of bad planning, includ-
ing such things as tunnels constructed for roads and 
developments that create new drainage patterns (Xu 
and Rana 2005). Urbanisation has also transformed 
formerly vegetated land (e.g., forests and wetlands) 
to impermeable surfaces in a basin, with little or no 
water storage capacity, thereby increasing river flow 
(Falkenmark 1999). The area of impervious surfaces 
in catchments is often directly related to the size of 
floods (Wissmar et al. 2004). In some places, natural 
stream channels have been straightened and deep-
ened, and structures such as dams and embankments 
have been built to reduce local flood risks. These 
“solutions” may have served to help reduce flood 
impacts locally, but often have the effect of shifting 
the problem further downstream.
Figure 5.2 Logarithmic diagram showing the time scale of impact/rehabilitation after 
land use change-induced disturbances (Batchelor and Sundblad 1999).
5.3 Governance: Old and New 
Perceptions and Paradigms on 
Forests and Water
To understand governance arrangements for forest 
ecosystem management, the relationship between the 
functioning of ecosystems and the provision of spe-
cific human-welfare benefits to users of ecosystem 
services must be understood (Fisher 2009). A closer 
look at how forests are perceived in land-use and 
environmental water policy and governance reveals 
a broad range of perceptions and strategies that range 
from crude to carefully planned. Depending on en-
vironmental and socio-economic situations, forests 
may be embraced as production units for combining 
wood production and water services, for strict water 
conservation purposes by forest conservation, or for 
mining the groundwater (Box 5.5).
5.3.1 Uplanders – Lowlanders – 
Urban People
In Asia shifting cultivators in upland areas are often 
blamed by the lowlanders as having caused flood-
ing and deteriorating water quality by deforestation 
through shortening fallow times and increasing the 
area of land being used. Interestingly, in the same 
regions, the same farmers may be blamed for lack 
of water during dry seasons and droughts due to the 
same treatment of upland forests (e.g. Malmer et 
al. 2005). From the forest and water relationship as 
outlined above, this may hold true, but may be very 
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difficult to prove. To blame the uplanders may be 
an easy way to generalise and not deal with more 
complex reasons, including governance of all people 
living within the whole landscape (e.g. Colfer 2005), 
and land uses downstream. Developing hydropower, 
lowland irrigation schemes, and other water-demand-
ing land uses are felt as strong indicators of develop-
ment, and are therefore often less easy to identify as 
problematic in the complex effect of human activity 
on water.
5.3.2 Trade-offs Between 
Soil Protection and Water Delivery
From the above technical background, there may 
well be a case for a trade-off between using forest 
cover to protect soil and water quality on one hand, 
and reduced dry season water quantity on the other 
hand. These trade-offs relate to regional differences 
not only in ecology, but on priorities in intensity of 
land-use, set by urban/rural people and ambitions in 
rate of economic and societal development. Boxes 
5.3 and 5.4 give two regional examples of this from 
China and from South Africa.
5.3.3 Governance Systems for
Water Resources
In the report of the 1st UNESCO (United Nations 
Educational, Scientific, and Cultural Organization) 
World Water Assessment Programme, governance, 
largely defined, refers to a variety of partnerships and 
networks that different actors (e.g., government, civil 
society, private sector, scientific organisations) es-
tablish to organise collective actions. In our specific 
case, governance thus refers to organised interactions 
among this variety of actors to promote sustainable 
use of ecosystems and their hydrological services. 
There is no commonly shared definition of water 
governance as such, but many different perspectives 
have been considered (financial issues, institutional 
arrangements, and relationships between social and 
ecological systems).
The large and increasing literature on governance 
(Kjær 2004) has not achieved a common definition 
of the concept. From among the different definitions 
found, we have built a definition for our study that 
draws on Huitema et al. (2009), who defined gover-
nance in reference to the complex issues associated 
with water resources as follows: Governance is the 
result of both the formally stated rules (e.g., poli-
cies, laws, etc.) and informal interactions of actors 
in networks that are a relevant collective response to 
environmental degradation problems. In general, the 
protection of regulating ecosystem services is chal-
lenged by high uncertainty in the understanding of 
the hydrological cycle’s responses to climate change 
and land use change, by the need to deal with compet-
ing and changing demands for the resource, by scarce 
resources to enforce actions, and by a largely weak 
institutional framework in regulation of land and wa-
ter use (UNESCO 2003). In these complex contexts, 
efforts to improve governance of ecosystems for the 
sustainable provision of hydrological services should 
be guided by the principle of adaptive governance 
(AG), where flexibility and learning mechanisms are 
allowed to occur across sectors and scales (Olsson et 
al. 2005). To promote AG, aspects such as prepara-
tion, leadership and windows of opportunity are key 
for success. For instance, preparation phases need 
self-organised networks and leadership to improve 
common understanding of the social and ecological 
characteristics and dynamics of the system at hand. 
This implies sharing information, building trust, and 
identification of organisations that have authority and 
legitimacy to promote the participation of actors 
from different sectors and scales (i.e., leadership). 
Windows of opportunity, such as a given crisis or 
conflict over water, might be a trigger for starting 
discussions and inter-disciplinary groups.
Under this perspective, some experiences from 
around the world can help us outline some successful 
stories, lessons learned, and opportunities that can 
improve governance for maintaining the provision 
of these important services. We should be aware, 
though, that many features of these cases are context-
specific. In analysing case studies we find that a vari-
ety of approaches ranging from top-down establish-
ment of national laws, enforcement, and financing for 
the protection of key ecosystems in the provision of 
hydrological services, to local level initiatives where 
agreements and collaborations are reached by rel-
evant actors defined around the provision and use of 
hydrological ecosystem services (HES).
Payment for Ecosystem Services
Examples of national initiatives can be the “Pay-
ment for Ecosystem Services” (PES) cases, such 
as the Environmental Services Payment Program 
(ESPP) implemented by the National Fund for Forest 
(FONAFIFO) laws in Costa Rica, the Fund for Pro-
tection of Water (FONAG) in Ecuador, or the Mexico 
Forest Fund (Wunder et al. 2008). In these cases, 
efficiency of the PES scheme is determined by the 
extent to which quantification of real services deliv-
ered to users is possible with the use of national data 
at low levels of details, and where effective users are 
varied and scattered (Engel et al. 2008). On the other 
side, local decentralised initiatives – such as Vittel in 
France, Wimmera catchment initiative in Australia, 
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Jianchu Xu
In the world’s most populated country, maintaining 
all lands in high production and environmental ser-
vices delivery is a high priority. The severe droughts 
in 1997, and the massive floods in 1998, prompted 
China to take two unprecedented conservation ac-
tions: the development and implementation of the 
Natural Forest Protection Program (NFPP), and 
the Sloping Land Conversion Program (SLCP) or 
Grain-to-Green Program.
The NFPP conserves natural forests through 
logging bans and enforced afforestation with in-
centives to forest enterprises. The SLCP converts 
cropland on steep slopes to forest and grassland by 
providing farmers with grain and cash subsidies. 
These actions resulted from the realisation that 
those droughts and floods were at least partially 
caused by farming on steep slopes, and on defor-
estation in the upstream regions (Liu et al. 2008). 
An increase in forest area, mainly through planta-
tion, to the tune of more than 4 million ha per year 
during 2000–2005, was recorded in China (FAO 
2007). Planting trees in arid margins may exacerbate 
droughts. The key is that the right tree has to be 
planted in the right place. Deciduous trees, which 
shed their leaves during the dry season, consume 
less water.
Chinese shares of water resources are far below 
the world average. With rapidly growing urbanisa-
tion, there are competing and increasing demands 
for water. In order to solve the water scarcity, China 
launched the South–North Water Transfer Project 
to meet water demands in mega-cities, such as Bei-
jing. The problem of providing water to growing 
urban centres, industry, and optimised land use is 
approached through large-scale adjustment of river 
systems (Berkoff 2003).
Box 5.3 China: Optimising land use is first priority
David Scott
Natural forests in South Africa probably never ex-
ceeded 0.7% of the land area, so there was always 
a shortage of wood for construction, fuel, paper, 
and other timber products. The shortfall in timber 
supplies was countered by the establishment, from 
the late 19th century, of forest plantations using 
introduced pine, eucalypt, and acacia species. By 
the 1930s, complaints from farmers about the plan-
tations having a negative effect on water supplies 
led the government to start a hydrological research 
program to quantify the influence of plantations on 
streamflow (Wicht 1967, Dye and Bosch 1999).
A network of paired catchment experiments was 
established across various forestry regions of the 
country. These experiments unequivocally showed 
that the replacement of native vegetation (grassland, 
shrublands, or scrub forest) with timber plantations 
in the high-rainfall areas suitable for forestry, had 
Box 5.4 South Africa: Empty rivers downstream of forest plantations
led to marked reductions in streamflow. These re-
ductions could be crudely averaged at 120 mm per 
year over the life of the plantation, but were higher 
in wetter zones and in wetter years, though the re-
ductions were relatively greater (larger proportions 
of streamflow used) in drier zones. In addition, the 
low flows (dry season flows) were affected to a 
greater extent and earlier than was the total water 
yield (Scott et al. 2000).
Based on this research, the government intro-
duced the Afforestation Permit System in 1972 to 
control the expansion of timber plantations. This 
system has since been replaced by a provision in the 
National Water Act of 1998 that classifies forestry 
as a “streamflow reduction activity” that will require 
the forest industry to pay for water use licenses. This 
provision has been dubbed as “paying for rain” by 
the disgruntled forest industry. The water license 
fees are intended to pay for catchment management 
services.
and the Heredia Public Service Enterprise (ESPH) in 
Costa Rica, where land uses are likely to produce the 
desired HES are more clearly targeted – might show 
higher efficiency in financial and institutional terms 
(i.e., clearer identification of providers and users of 
HES) (Wunder et al. 2008). When considering strate-
gies to improve the provision of ecosystem services 
(ES), other issues should also be considered beyond 
direct economic incentives, especially in develop-
ing countries (Kosoy et al. 2007). For example, in 
Bolivia, where PES options have been explored in 
decentralised contexts, weak property rights regimes 
and little trust in formal administrative institutions 
have been signalled out as important aspects (Asquit 
et al. 2007). Similarly, in a recent study of a Costa 
Rican watershed, where high opportunity costs are 
attached to sustainable management of upstream 
land for HES provision, enlarging a capacity build-
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ing and technical assistance program was selected 
as a priority option by both upstream providers and 
downstream users of ecosystem services, while PES 
was not set as a priority by these stakeholders. In this 
setting, strengthening existing, or promotion of new, 
institutions and resources (beyond the existing PES 
scheme) is demanded to promote these types of ac-
tivities. Major challenges to effective conservation of 
HES (be it PES schemes or other types of activities) 
are associated, among others, to institutional weak-
nesses in the definition of property rights, legitimacy 
in mechanisms for distribution of incentives, and 
limitations in understanding and quantifying highly 
uncertain provision of ecosystem services due to 
limited availability of data and asymmetric sharing 
of information (Engel et al. 2008).
Beyond PES
Beyond PES initiatives, centralised or decentralised 
policy initiatives (e.g., integrated conservation and 
development projects, national laws for water and/
or watershed conservation) have been reported in the 
literature as showing irregular efficiency outcomes 
(Engel et al. 2008). For example, in the context of 
national initiatives, the Global Water Partnership 
(GWP) has promoted the Integrated Water Resources 
Management (IWRM) concept in the international 
arena to include management of provision and use 
of hydrological ecosystem services in national plans. 
Indeed, some experiences in integration of the IWRM 
approach in national plans do exist. Nevertheless, a 
UN report (2006) indicates that although many ef-
forts have been undertaken for integrating IWRM 
(and management of key hydrological ecosystem 
services) in national plans, effective institutional 
changes have been slow due mainly to low capacity, 
limited awareness and political support, and inad-
equate funding. Generally, these initiatives show a 
low degree of implementation, scarce decentralisa-
tion of capacities and resources, and little owner-
ship by local stakeholders, which otherwise could 
encourage conservation of watersheds and their key 
ecosystems (UNESCO 2003). On the other side of 
the argument, the UNESCO report did highlight suc-
cessful cases, such as the revised river law in Japan, 
which emphasises cross-scale collaboration to foster 
basin conservation through a step-by-step consensus-
building process where information sharing between 
local inhabitants, private companies, government 
administration, and experts improved the creation 
of a common vision on the ecosystem degradation 
problems and possible solutions (UNESCO 2003). 
Windows of opportunity are also an important trigger 
for developing concerted actions in the protection 
of hydrological ecosystem services. In this respect, 
in the case of Costa Rica’s Reventazon watershed, 
erosion affects the productivity of farms upstream 
and downstream there are problems with a hydro-
power dam due to the upstream land mismanagement 
and extreme precipitation events (Marchamalo and 
Romero 2007). Although the specific preferences of 
both upstream and downstream stakeholders (aca-
demic, farmers, hydropower) differ (Marchamalo 
and Romero 2007), the common perception of this 
shared HES degradation problem has triggered an 
ongoing institutional process that brings together ac-
tors from the agricultural sector (farmers, extension 
offices, ministry of agriculture), who want to influ-
In the poorest semi-arid regions, water quantity is 
historically the big issue. Streams and wells run-
ning dry is equal to famine for people who do not 
have resources to buy water (bottles or tanks) from 
somewhere else. Water quality (siltation) is also 
problematic if water for consumption is taken from 
streams. However, with increasing development, 
there will be more wells and both water quantity and 
quality may be problematic for growing industry, 
intensive agriculture, and urban populations.
Central America is an interesting region where 
the forest and water relationship faces very different 
strategies in the different countries. Costa Rica has a 
mid-range economy, where large land owners domi-
nate and hydroelectric power generation provides 
more than 80% of its energy. Given this, and with a 
humid climate essentially lasting all year, physical 
water quality is the single most important concern 
about water. In combination with the very important 
ecotourism industry, Costa Rica has seen the most 
developed PES (payment for environmental servic-
es) scheme to conserve forests in the highlands (not 
in the lowlands, which were already taken up by 
intensive fruit production) (Pagiola 2008). Several 
neighbouring countries, including Honduras and 
Nicaragua, have regions with longer dry seasons, 
where providing water to develop irrigation for ag-
riculture and for consumption in urban centres, is 
an increasing problem. In these countries, it is dif-
ficult to conserve forests where many poor people 
practice subsistence agriculture, and where there 
is a lack of social  institutions, such as education 
and research, which could work to help solve the 
problems.
Box 5.5 Different development and needs drives forms of governance
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ence upstream land uses, and downstream users of 
soil regulation services provided by the hydropower 
sector. Running processes aiming at sustainable pro-
vision of HES requires flexibility to understand how 
different actors can be interested and part of the solu-
tion, and leadership to promote the building of new 
institutional spaces for their interaction and actions. 
In this aspect, the case of Reventazon watershed, 
leadership by policy-makers representing local in-
terests in the national assembly was an important 
factor in the constitution of the first law-decreed 
watershed committee with a mandate to function as 
an institutional space for the coordination of actors 
involved in provision and use of hydrological eco-
system services.
5.4 Global Change Challenges 
Old Generalisations
Future forests at a glance will be very different from 
our reference, which often tend to be a mixed old 
growth forest with low intensity forestry or forest 
management for non-timber forest products. Those 
references and images are often also the carrier of 
our perceptions and knowledge base for effects of 
land-use on water management. In some regions, 
deforestation may prevail to make way for other 
crops, or as a result of climate change, but in other 
regions, forests will expand again. In between these 
two extremes, the most common situation in the 
warmer latitudes today is various forms of second-
ary bush land and poorly stocked extensively used 
forests (World Resources Institute 2009). With an 
expected increasing intensity and diversity of culti-
vation, combined with different patterns of small or 
large landowners’ rights, landscapes and watersheds 
will be increasingly complex with regard to spatial 
land-use distributions, and so will the water issues 
as well. This will put a high demand on developing 
the technical and socioeconomic knowledge base 
for managing these new landscapes as well as for 
developing relevant policies, institutions and legisla-
tion for dealing with this new situation.
5.4.1 Links with Carbon Storage Are 
Strong
In recent decades, soil rehabilitation and its associ-
ated benefits on water and fertility management has 
been a driver for many re/afforestation programs. 
However, for many reasons, this has been an uneven 
struggle, where rates of deforestation, degradation 
and desertification have superseded planting. Many of 
the desired soil improvements are positively related 
to SOM and carbon storage, that are also desired in-
struments for carbon sequestration and conservation 
as part of the CDM or REDD. In future it would be 
desirable to modify the CDM guidelines and design 
the REDD systems to optimise both carbon storage 
and water management. Malmer et al. (1999) and 
Ilstedt et al. (2007) have shown, through both field 
investigations and through meta-analysis, that the 
time required to achieve significant improvement in 
soil properties such as infiltrability can vary between 
2 to 20 years, depending on tree species and the 
initial condition (degree of soil disturbance, natural 
succession, whether the land is in forest plantation 
or in agroforestry). More research on relationships 
between quality and quantity of increase in carbon in 
soils (at reforestation, rehabilitation or conservation 
of various forests) is in strong need in the tropics.
5.4.2 Natural Forests or Forest 
Plantations
The “forest sponge controversy” (Box 5.2) is a typi-
cal example of where the desired return to a previous 
“better situation” by reforestation may not hold true, 
at least not in all aspects of water effects. The situa-
tion prior to the original deforestation typically saw a 
mixed forest with respect to species and ages, and in-
cluding gaps from dead trees. The new forest is often 
a monoculture that completely and homogeneously 
covers the area concerned, often with young, vigor-
ously growing trees. The effect on soil conservation 
may be achieved, including improved infiltrability, 
for most of these forest plantations. However, Ilstedt 
et al. (2007) indicated there is much less efficiency 
in soil biological improvement because some of the 
leaves are less decomposable, such as teak leaves 
and pine needles. Also, Ziegler et al. (2009) point 
out that some industrial plantations, such as those for 
rubber, involve terracing by crawler tractors, which 
may severely disturb topsoils and water infiltrabil-
ity (cf., Malmer and Grip 1990). Irrespective of the 
type of plantation, the desired goal of improving 
groundwater recharge, which was degraded by the 
earlier deforestation, may be exchanged (and there-
fore not met) for higher water use by the new forest 
plantation. Depending on efficiency in management, 
forest plantations can be highly successful in meet-
ing expected production rates and thereby have a 
large negative effect on the amount of water avail-
able for other uses. On the other hand naturally or 
spontaneously regenerating secondary forests may be 
in very different shape, depending on the degree of 
ecosystem or soil degradation, and young indigenous 
trees may use as much water as eucalypts (Fritz-
sche et al. 2006). Studies of other industrial forest 
plantations have been severely lacking, but Guar-
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diola-Claramonte et al. (2008) in southwest China 
found potentially high sub-surface soil water use for 
evapotranspiration in one stand of rubber. But again, 
the effect of conversion to a rubber monoculture on 
catchment or regional hydrology depends, in part, 
on the water use of the original displaced vegetation 
across broader scales.
There has been little testing or study of inter-
mediate forest production systems, those between 
natural forest management and planted forest mon-
ocultures. Piotto (2008) used meta-analysis to show 
mixed species plantations to be more productive than 
monocultures. However, not enough is known either 
about the biophysical dynamics (e.g., management, 
productivity, carbon and water balances) or their 
socio-economic problems and possibilities (e.g., 
economy of scale, profitability to small scale farm-
ers, industrial logistics).
It is also inaccurate to view “untouched forests” 
as stable. Old perceptions of an ecological climax 
have already been revised (e.g., Whitmore and Burs-
lem 1978), and evidence from both South America 
and Africa indicate that even old forests do increase 
their biomass under current atmospheric change 
(e.g., Baker et al. 2004), possibly also indicating an 
effect on increased water use even by the conserved 
forests. Selectively logged forests may also be much 
more vulnerable to (natural) disturbances, such as 
fire, or long periods of drought, or possibly more 
frequent droughts due to climate change (Malmer 
et al. 2005).
5.4.3 Climate Change Adaptation May 
Cause Higher Intensity Land-Use and 
Ecological Change
The increasing demand on biomass production will 
stimulate intensive forest land-use with shorter 
rotations. Increased risks from climate variability 
(droughts and low frequency high magnitude storms) 
may also steer investments to cultivation systems 
with short rotations that face less such risk. Actual 
climate change may also cause and add to needs for 
quick changes in land-use through modification to 
primary factors like temperature and rainfall for pro-
duction as well as secondary factors as pests, etc.
Hydrological simulations for southwestern China 
show that the effect of climate change on surface 
water, baseflow and streamflow was offset by the 
effect of forest cover change (Ma et al. 2009). The 
Photo 5.3 Water management in mixed land-use landscapes will be an increasing challenge with increas-
ing production demands and changing climate (Costa Rica). 
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seasonal variation of streamflow was influenced by 
the seasonal variation in rainfall. The earlier date 
of monsoon and the variability of rainfall resulted 
in greater monthly streamflow extremes. According 
to the model, the rainfall was influenced by the for-
est cover, which thereby had a strong influence on 
streamflow.
All in all, increasingly dynamic landscapes will 
make water budgets more complex and increase the 
demand for technical, institutional and societal man-
agement of the co-ordinated management of forests 
and water.
5.5 Knowledge Base and 
Institutional Support for 
Future Management
The integrated management of forests and water 
will require a thorough knowledge of hydrological 
systems combined with appropriate tools such as 
biophysical and economical models to enable institu-
tional, regulatory and other solutions such as PES.
5.5.1 Empirical Data
As was described in Box 5.2, there have been too few 
good studies of forest hydrology in the tropics and 
from the seasonally-dry tropics in particular (Brui-
jnzeel 2004, Scott et al. 2005, Locatelli and Vignola 
2009, Malmer et al. 2010). Available studies tend 
to be rather old; Locatelli and Vignola (2009) did a 
meta-analysis using data from 20 studies but only 
five of these were completed within the last 20 years. 
Global reviews contain little work that derives from 
the tropics; for example the most comprehensive 
global review of the effects of reforestation on wa-
ter (Farley et al. 2005, Jackson et al. 2005) contains 
only three out of 26 studies from within 25° of the 
equator. None of these studies involved tree planting 
on formerly deforested and degraded land, so this 
attempt at global generalisation clearly falls short 
of adequately representing the full tropical situation 
(Malmer et al. 2010).
Much of our knowledge on the forest-water rela-
tionship derives from long term experiments, where 
the whole of a small catchment is treated (e.g. har-
vesting of forest, afforestation, or some other forest 
operations; National Academy 2008). Results from 
such experiments thus represent extreme effects, 
whereas sensible management would include for-
ests of various ages in the landscape. The areas of 
recently harvested forests will increase water avail-
ability for other uses and would partly balance the 
higher water use of the most productive forest stands 
in the landscape (Figure 5.3). With sufficient empiri-
cal input, models could help us to plan the distribu-
tion and timing of forestry operations to balance the 
production of forests and water in the landscape.
Figure 5.3 Patterns of streamflow increase/decrease due clearing and 
planting to vigorously growing forest plantations: a) Acacia mangium, 
Malaysia 5°N (Malmer et al. 2005), b) global mean ”Shrubland” to Pinus/
Eucalyptus (Farley et al. 2005), c) Old-growth Eucalyptus to regenerating 
Eucalyptus 37°S (Kuczera 1987). (Source: Malmer et al. 2010.)
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5.5.2 Over-Simplification of Some 
Models
Process-based conceptual models can provide gener-
ally applicable tools to support policy formulation 
and landscape planning (Joshi et al. 2004). Such 
models exist in biophysical, as well as in socio-
economic applications. IWRM may combine mod-
els in multidisciplinary approaches. The problem 
with wide-scale application is often a lack of model 
validation for the region in which it is being used, 
and the balance between over simplification (due to 
lack of input data) and more technically sophisticated 
models. An example of this are the more simplified 
models of water use in landscapes that do not take ac-
count of the soil quality factor, particularly in relation 
to evapotranspiration (e.g., Calder et al. 2004); or the 
use of more ecologically-based models that include 
the effects of water movement and storage in the 
soil (e.g., Walker et al. 2007). The more simplified 
model may be readily applicable in an economically 
depressed country, but may not give the right answers 
on how much and where in the landscape forests and 
other land-uses would be best located.
5.5.3 The “Trialogue Model” for 
Adaptive Water Governance: Key 
Features and Lessons Learned
After a decade of application experience, the full 
potential benefits of IWRM have yet to be rea-
lised, especially in developing countries (Turton et 
al. 2007). These authors outlined several potential 
causes of this failure. They argue that in developing 
countries, weak institutions and centralised govern-
ments have reduced the opportunities for achieving 
the benefits of IWRM. They use the “trialogue gover-
nance” (TG) model to assess the performance of case 
studies around the world. The TG model underlines 
the importance of interaction among three distinct 
communities of practice, namely: government (rule-
focused); society (directly interested in environmen-
tal governance, especially in developing countries 
that are strongly dependent on natural resources); 
and science (including basic research, interdisciplin-
ary research, and technology and knowledge transfer 
research).
The experiences presented by these authors leads 
them to support the “trialogue governance” model 
as an effective framework for assessing and improv-
ing the effectiveness of governance with regard to 
hydrological ecosystem services. More specifically, 
adequate communication, especially in the science-
civil society interface, has increased participation by 
society in the decision-making processes in South 
Africa. Conversely, the case study in a developed 
country such as Australia points to other aspects 
that influence the effective implementation of the 
TG model. Here, Doolan (2007) supports the ef-
fectiveness of the TG model by pointing to factors 
such as: i) community ownership and commitment, 
ii) improved understanding of river conditions and 
processes, iii) improved regional institutional struc-
tures from narrowly focussed (i.e., only on engi-
neered solution to control erosion damages) to whole 
catchment processes needing multidisciplinary ap-
proaches (i.e., hydrology, geo-hydrology, economy, 
media-communication); and iv) the development of a 
state-wide integrated policy framework that included 
additional funding for supporting government com-
mitment to the decentralised process of watershed 
management.
5.6 Concluding Remarks
We identify eight concluding notes on “forest cover 
in global water governance:”
1) Trees and forests provide soil protection and im-
proved water quality relative to other land uses.
2) Tree effects on retaining water at site and on re-
ducing undesired stream flooding is not as simple 
as often generalised, especially in tropical regions 
with dynamically changing (forest) land uses.
3) Economic development, as well as mitigation and 
adaptation to climate change, will induce more 
intensive and (potentially) efficient land uses 
that demand much better knowledge, tools, and 
governance for optimal water use and delivery in 
increasingly complex land-use patterns in land-
scapes.
4) Spatial and temporal planning of forest land use 
in the landscape is crucial for the use and deliv-
ery of water from forests, as well as recognizing 
the role of different forest types in these aspects 
(natural/old growth, intermediate, and forest plan-
tations).
5) Each landscape requires individual planning and 
analysis, integrating the biophysical effects with 
the societal and economic setting and possibilities 
for development.
6) In many developing tropical countries, conclu-
sions 3) and 5) above demand development of 
both academic capacity for the development of 
an improved knowledge base, as well as the ad-
aptation of institutions, models and tools for the 
specific region.
7) Conclusions 5) and 6) above are necessary to 
promote a common understanding of problems 
and processes to identify short term solutions and 
future visions.
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8) Empowerment of local people, self-organised net-
works, and key organisations within watersheds 
are necessary for the development of policy in for 
the sustainable management of forest and water 
resources.
We can conclude, then, that facing the challenges of 
improving governance of complex social-ecological 
systems such as those characterising the provision 
and use of HES, requires modelling of scenarios to 
feed learning processes of the different stakeholders. 
This approach may promote a common understand-
ing of the problems and the identification of possible 
alternative solutions.
Furthermore, a shift is needed in the way that 
policy-making is accomplished; moving away from 
the government lead top-down approach to the em-
powering of key organisations in self-organised net-
works that already exist in many watersheds. Indeed, 
key organisations in networks can help to bridge gaps 
between different sectors and scales.
To meet the increasing demands for water for 
social and economic development, both governance 
and biophysical tools and their integration need to be 
developed. This means there is a need to build aca-
demic capacity in tropical countries, both to support 
forest and water management nationally and region-
ally, and to produce more empirical knowledge for 
proper modelling of the effects of various land-use 
scenarios on water resources.
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Abstract: We briefly describe four important anthropogenic drivers of change in 
biodiversity using literature with particular reference to cases from Latin America and 
the Mediterranean Basin. Conversion of forests into agricultural lands, over-exploitation, 
air pollution leading to climate change and acid rain, and invasive species, all cause great 
stress on forest ecosystems. Conscious of the negative effects of human activities, 
society has responded by increasing the area of protected and well-managed forests, 
and by incorporating management of trees and forest patches into the management 
of agricultural landscapes. Still, most natural forests and agricultural landscapes are 
not well managed and their existence continues to be threatened by these same four 
drivers. We propose elements of a new vision of biodiversity and ecosystem services 
management based on our own experiences and the evidence found in the studies we 
examined. We suggest a positive approach to forest conservation, combining aspects 
of willingness to conserve with willingness to pay for further conservation; removal of 
administrative barriers to good forest management and protection; landscape manage-
ment; inter-sectoral coordination between international, national, and local policies; 
increased communication among stakeholders; and more research on the interactions 
between biodiversity and ecosystem services.
Keywords: biodiversity, ecosystem services, anthropogenic drivers, protected areas, 
forest management, agricultural landscapes, integration
■
GLOBAL ENVIRONMENTAL CHANGES
6.1 Introduction
The Convention on Biological Diversity (CBD) de-
fines biological diversity as “the variability among 
living organisms from all sources, including, inter 
alia, terrestrial, marine and other aquatic ecosystems, 
and the ecological complexes of which they are part. 
This includes diversity within species, between spe-
cies, and of ecosystems” (CBD 1992). Biodiversity is 
complex and difficult to quantify, but is much more 
than the number of species in a community (species 
richness), or that number weighted by species abun-
dance (species diversity). Biodiversity encompasses 
differences in species composition, their genetics, 
and even the functional roles that species play within 
an ecosystem (responses to change and effects on 
ecosystem processes).
Ecosystem services have been defined as the 
benefits that people obtain from ecosystems (MEA 
2005). The Millennium Ecosystem Assessment 
(MEA) (Díaz et al. 2005, MEA 2005) proposes four 
groups of ecosystem services: provisioning services, 
supporting services, regulating services, and cultural 
services. Many of these services are directly related 
to biodiversity.
The relationship between biological diversity 
and ecosystem services is complex and often poorly 
understood (Díaz et al 2005, Kremen 2005). In some 
cases, for example under Costa Rica’s 1996 forest 
law, biological diversity itself is considered to be a 
service. A more scientific approach, however, con-
siders biodiversity as a mechanism through which 
services are provided (CBD 2008). Changes in the 
species richness, abundance, and composition of 
an ecosystem may lead to parallel changes in the 
amount or quality of services provided by that eco-
system, including carbon sequestration (Bunker et 
al. 2005), pollination (Ricketts 2004), or pest control 
(Phillpott et al. 2009), that are indicative of a linear 
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relationship between biodiversity and ecosystem 
services (Schwartz et al. 2000).
Biodiversity can also be divided into functional 
components or groups where species are classified 
according to their functional response to ecosystem 
change (e.g., drought tolerance) or by their contri-
bution to ecosystem services (e.g., nitrogen fixing). 
Many plant and animal communities have shown 
functional complementarity or redundancy, up to a 
certain minimum level of species, causing ecosystem 
functionality to rapidly decline if species numbers 
drop below that level (Flynn et al. 2009). Kremen 
(2005) calls this a saturation function. A meta-an-
alysis of 446 measures of biodiversity effects (319 
of which involved primary-producer manipulations 
or measures) conducted by Balvanera et al. (2006) 
on temperate non-forested ecosystems suggests that 
there is a critical species number between 10 and 20 
beyond which diversity effects on ecosystem servi-
ces decrease because of increasing redundancy and 
competition between species, but it remains to be 
confirmed whether such a threshold value also ap-
plies to other ecosystems.
Kremen (2005) and Haines-Young and Potschin 
(in press) add to these two possible cases a third 
scenario of accelerating and rapidly declining eco-
logical functionality with species lost, mainly due 
to the dominance of a few species with high eco-
logical functionality within communities (Kremen 
2005, Haines-Young and Potschin in press), and/or 
intensive interaction among species and between 
species and processes (Kremen 2005).
While the link between biodiversity and eco-
system services is not always clear or direct, the 
link between the adaptive capacity of ecosystems to 
changes or disturbances is better documented (Díaz 
et al. 2005), particularly in species-poor ecosystems. 
Balvanera et al. (2006) found that resistance to in-
vasion increased with greater species richness. In 
contrast, resistance to drought and other disturb-
ances, such as windfall, did not (Balvanera et al. 
2006). Acosta et al. (2001) also found that managed 
and un-managed stands of tropical broadleaf forests 
were equally affected by hurricane Mitch, but that the 
former showed greater recovery and diversity in the 
first years after the storm than did the un-managed 
stands. DeClerck et al. (2006) found similar results 
in a 60-year study of conifer forest drought resistance 
and resilience in the Sierra Nevada of California, 
although they did find that greater conifer diversity 
increased the resilience of these forest stands in the 
sense that they returned to pre-disturbance productiv-
ity levels much faster than did species-poor stands. 
In this sense, biodiversity provides insurance against 
dramatic ecosystem change and helps maintain sta-
bility within systems (Walker 1992).
Biological diversity has been continuously 
changing for as long as life has existed on Earth 
as a response to both natural and, more recently, 
anthropogenic changes in the environment (MEA 
2005). There are six mass extinctions recorded in the 
geological record. Many scientists, including Har-
vard biologist, E.O. Wilson, argue that we are now in 
the middle of the seventh mass extinction. This time, 
however, Homo sapiens is the driving cause rather 
than any geological or astronomical phenomena 
(Wilson 1994). Major anthropogenic drivers of the 
current changes being observed include the degrada-
tion and loss of ecosystems due to changes in land 
uses, human impacts on the biogeochemical cycles 
(e.g., climate change, pollution), invasive species that 
displace or outcompete endemic species, and poor 
management or over-exploitation of the natural re-
source base (Díaz et al. 2005, Kanninen et al. 2007, 
Fischlin et al. 2009).
In this chapter, we propose to provide an over-
view of these major anthropogenic drivers of bio-
diversity change and their impacts on the provision 
of ecosystem services (section 6.2). In section 6.3, 
we analyse how society has responded to these chan-
ges in order to reduce their negative impacts and/or 
enhance their positive impacts on human well-being. 
We will close with the lessons learned from these 
responses regarding biodiversity management and 
the provision of ecosystem services (section 6.4).
6.2 Drivers of Change in Bio­
diversity and Their Importance 
for Ecosystem Services
Drivers (or direct causes) of change in biodiversity 
may be natural or human-induced. Many human in-
terventions in ecosystems generate abrupt and large 
scale changes that trigger loss of biodiversity and 
make it more difficult for ecosystems to recover 
from the negative impacts associated with these hu-
man interventions. Ecosystem recovery from such 
human-induced change is not only slow and costly, in 
some cases, ecosystem changes may be irreversible 
(Ellatifi 2005). Here we focus on human-induced 
changes on forest biomes. Since these may differ ac-
cording to geographic location and actors involved, it 
is impossible to discuss all possible variations. Eco-
system services provided by forest ecosystems can 
vary according to biome, geographic location, and 
socio-economic and cultural contexts (for examples, 
see Fischlin et al. 2009). We have chosen some clear 
examples of drivers and describe their effects on for-
ests, with particular reference to locales in North and 
South America and in the Mediterranean Basin.
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6.2.1 Conversion of Natural Forest 
Ecosystems to Other Land Covers
Between 2000 and 2005, the world lost about 7.3 
million ha of natural forests annually (FAO 2009); 
before 2000, this amount often exceeded 13 million 
ha/year (FAO 2006). Agriculture (food crops and 
livestock) remains the largest direct human-induced 
driver of biodiversity degradation, species loss, and 
conversion of natural habitats (Ellatifi 2004, MEA 
2005). In addition to agriculture as a direct driver, 
many other well-known indirect drivers of defor-
estation also exist (Kanninen et al. 2007), with the 
subsequent loss of biodiversity. Many of these are 
related to people’s livelihoods, which often make 
it more attractive to convert forest into agricultural 
land than to manage the forest. Difficult and slow 
administrative procedures to obtain permits for for-
est use, subsidies to farm inputs or farm product 
exports, policies that recognise deforestation as land 
improvement are just some of the factors mentioned 
by Geist and Lambin (2002), Kanninen et al. (2007) 
and FAO (2009). Particularly in emerging countries 
these factors are exacerbated by population growth, 
governance limitations (unequal and unclear access 
to resources, lack of transparency in decision-mak-
ing, deficient normative frameworks, insufficient 
resources for implementation and enforcement of 
laws and regulations), growing international demand 
for agricultural products, increasing interest in bio-
fuels, incoherent sector policies, local cultural and 
demographic factors, climate change, and perverse 
subsidies.. The complex interactions of these drivers 
have made it difficult to change the course of defor-
estation, particularly in developing countries. Apart 
from differences in deforestation rates between de-
veloped and developing countries (MEA 2005; FAO 
2006, 2009), there are also clear differences in defor-
estation rates between forest biomes and within the 
forest types of each biome. In Central America, for 
example, dry forests have been much more heavily 
deforested and degraded than humid forests, possibly 
due to a combination of factors, such as population 
density, access, climate, and agricultural potential of 
the soils (Finegan and Bouroncle 2008).
Immediate effects of such conversions are the 
loss of biodiversity and changes in composition, 
structure, and ecological processes of the forest 
ecosystem. Other changes include changes in the 
composition and structure of forest edges that in-
crease the proportion of forest edge habitat compared 
to forest interior habitat that is essential to forest-
dependent species. These effects are dependent on, 
among other things, the level of fragmentation of 
the remaining forests, the shape and size of the frag-
ments, and the types of other land uses within the 
landscape (Finegan and Bouroncle 2008).
Deforestation causes loss of biological diversity 
with a concomitant loss or reduction of ecosystem 
services (Díaz et al. 2005, Metzger et al. 2006, Flynn 
et al 2009, Laliberté et al. 2010). Ecosystem services, 
however, are more influenced by a particular species 
composition than by the number of species present 
(Díaz et al. 2005). A number of ecosystem services 
can be at least partially restored by responsible land 
use practices oriented toward the conservation and 
restoration of specific functional groups and com-
munities, rather than simply by increasing species 
richness (Kremen 2005, Balvanera et al. 2006). Car-
bon sequestration and storage, soil quality, habitat 
for specific bird and insect communities that provide 
regulating and pollination services for agricultural 
crops, regulation of water quality and runoff, are 
some of the ecosystem services reported from forest 
and agroforest systems (Díaz et al. 2005, Kremen 
2005, Agbenyega et al. 2009). Some authors (Agbe-
nyega et al. 2009) argue that the same measures that 
increase non-agricultural crop vegetation – for ex-
ample roadside verges, live fences, abandoned fields, 
or companion plants in agricultural fields within the 
landscape – may also provide ecosystem dis-servic-
es, such as habitat for crop pests and pathogens, and 
competition for resources. Lara et al. (2009), in their 
discussion of the effect of native forests versus exotic 
Photo 6.1 Recently deforested area in Norte do 
Mato Grasso, Brazil.
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plantations on recreational fishing, provide a good 
example of such trade-offs: increasing secondary 
growth in buffer zones along rivers near Valdivia in 
Chile increased the abundance of exotic trout spe-
cies, valuable for recreational purposes, at the cost 
of abundance and diversity of native fish species; 
and increasing the current economic value of the 
streams at the risk of increasing the vulnerability of 
the fish population to future changes in the environ-
ment and climate. Forest fragments, however, may 
be managed or depleted according to the perception 
of benefits by the owners and neighbours of the frag-
ments, rather than according to measurable social 
economic benefits and costs.
Biological diversity has a direct link to the capac-
ity of ecosystems to adjust to changes (Naeem and 
Li 1997, Loreau et al. 2002, DeClerck et al. 2005, 
Díaz et al. 2005). While additional species may have 
little influence in species-rich ecosystems, in species-
poor ecosystems, an increase in species number may 
increase ecosystem productivity and resilience (Díaz 
et al. 2005, Thompson et al. 2009). Of particular 
concern is that loss of biodiversity through forest 
conversion will decrease the potential for adapta-
tion and maintenance of ecosystem services in the 
light of projected climate change scenarios (Flynn 
et al. 2009, Innes et al. 2009, Laliberté et al. 2010). 
Laliberté et al. (2010) provide a particularly com-
pelling, though theoretical, example that includes 
more than 3000 species from forest ecosystems in 
Australia, China, North America, and Europe. Their 
study documents that not only is functional diversity 
lost with deforestation and agricultural intensifica-
tion, but the species lost often belong to different 
functional response groups, inhibiting the capacity 
of these forest ecosystems to respond to a diversity 
of disturbance regimes, including changes due to 
climate variability or climate change.
6.2.2 Over-Exploitation
Over-exploitation occurs when the number of indi-
viduals that are removed annually from a population 
exceeds the natural annual increment of that popu-
lation so that it can no longer sustain itself without 
intervention, which leads to decline and threatens 
its existence. While over-exploitation affects many 
renewable natural resources (e.g., over-harvesting of 
timber, fuelwood, grazing areas, hunting, fishing), 
it has been severe in tropical grasslands and savan-
nahs, and in marine ecosystems, while it is increas-
ingly having a negative impact in tropical forests and 
coastal areas (MEA 2005).
Over-exploitation of species may result in deg-
radation of the ecosystems followed by the loss of 
genetic diversity and the extinction of species. In 
Morocco’s forests, for example, there is an over-
exploitation of fuelwood (three times the forest pro-
duction) and an over-exploitation of fodder (three 
times the forest-grazing possibility (Ellatifi 2004, 
2005, 2008; Karmouni 2006), affecting a range of 
species. In many countries, the effects of such over-
exploitation are poorly studied. In countries such as 
Guatemala, Honduras, or Nicaragua, where firewood 
is still the main energy source for a large part of the 
population, firewood harvests occur both within and 
outside forests from trees planted for this purpose, as 
well as from natural forests or forest patches. While 
the use of wood for energy in such less-developed 
countries is several times greater than the use of wood 
for other purposes (FAO 2010), and may go well 
beyond the production capacity of the forests, it is 
often associated either with clearing of forests for 
agricultural activities – and therefore its effects on 
the forests are difficult to distinguish from those of 
forest conversion and fragmentation – or with trees in 
agricultural lands, for which few data are available.
Over-exploitation in forests for reasons other than 
fuel and fodder, however, often affects only a few 
species. In Guyana, for example, ter Steege et al. 
(2002) found that 75 years of harvesting of green-
heart (Chlorocardium rodiei) affected the commer-
cial availability of that species but had little effect 
on overall tree species diversity. Rice et al. (2001) 
suggested over-exploitation of mahogany (Swie­
tenia macrophylla) in Latin America also causes 
only marginal changes to species diversity if it is 
not followed by uncontrolled exploitation of other 
species or conversion of forests to other land uses. 
Over-exploitation of a single species, however, may 
become more harmful in areas with a low tree diver-
sity, or when harvests shift from one species to the 
next, once the most attractive or available species 
have been seriously depleted. In Latin America, the 
Mediterranean Basin, and elsewhere, over-exploita-
tion is often linked to illegal activities, opening up 
the forest to other land uses, and thus forming a first 
step towards forest conversion with its subsequent 
effects on biodiversity.
Whereas for tree species, such over-exploitation 
of a single species has rarely had serious consequenc-
es for the forests and their diversity, this may not 
be the case for over-exploitation of animal species. 
Since such over-exploitation is largely illegal, few, if 
any, formal data are available on its extent and con-
sequences. However, Nasi et al. (2008) documented 
numerous changes in populations of wild species 
hunted for bushmeat, suggesting that “empty forest 
syndrome” was becoming common in many tropical 
regions. Of particular importance for biodiversity 
is the over-exploitation of those animals and plants 
that play a key role in the ecological processes of 
the forests, for example as seed-dispersers s (e.g., 
rodents, monkeys), as pollinators (e.g., bats), or as 
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important sources of food during periods when few 
plants provide seeds or fruits (e.g., some Manilkara 
species).
6.2.3 Changes in Biogeo chemical 
Cycles
Biogeochemical cycles are movements of chemical 
constituents through biotic and abiotic components 
of the Earth. The most well-known of these cycles 
are those of water, carbon, nitrogen, oxygen, phos-
phorus, and sulphur. More detailed discussions of 
the importance of forests for the water and carbon 
cycles can be found elsewhere in this volume. The 
relationship between climate change and biodiversity 
is also amply discussed both in this volume and in 
the report on adaptation of forests and people edited 
by Seppälä et al. (2009).
Timber harvesting may influence different nutri-
ent cycles, but current sustainable forest management 
practices allow for their recovery within reasonable 
periods of time (e.g., Poels 1987 for Suriname). 
Earlier studies indicate the importance of vegeta-
tion regrowth in abandoned agricultural fields for the 
recovery of soil nutrients (e.g., Nye and Greenland 
1960). For detailed discussions of these impacts and 
functions, we refer readers to the extensive litera-
ture on the subject (e.g., Cole 1995, Gerding 2009, 
González 2009). In this section we will only briefly 
highlight the importance and impacts on biodiversity 
from alterations of the carbon, sulphur, and nitrogen 
cycles.
The use of fossil fuels moves large stocks of 
carbon that were stored in the ground into the at-
mosphere. Such mass translocation of carbon may 
cause changes in regional climate regimes and thus 
alter terrestrial ecosystem functions and services. 
The Intergovernmental Panel on Climate Change 
(IPCC) review of scientific literature concerning 
climate change indicates that since the Industrial 
Revolution, about 160 years ago, carbon (mostly as 
carbon dioxide [CO
2
] and methane [CH
4
]) and ni-
trates (N
2
O) have accumulated in the atmosphere (Le 
Treut et al. 2007). Le Treut et al. (2007) attributed the 
increase in average global temperature beyond that 
caused by natural phenomena detected for the same 
period to this accelerated increase in the proportion 
of these gases in the atmosphere. Although there is 
still some uncertainty on the actual effects of further 
increases in greenhouse gas (GHG) emissions on the 
climate, many scientists use some relationship be-
tween GHG emissions and climate to project future 
climate changes under different emission scenarios 
(e.g., Meehl et al. 2007).
Besides the effect on climate and its subsequent 
effects on forest vegetation, the increased concentra-
tion of CO
2
 in the atmosphere also has had a fertili-
sation effect on many plant species, in particular in 
areas where other growth factors, especially moisture 
and nitrogen, are not limiting. Phillips et al. (2008), 
for example, attributed the biomass growth and 
changes in forest composition of the Amazon forests 
to an increase in atmospheric CO
2
 combined with 
increased temperatures, although the latter may cause 
the plants’ capacities to absorb carbon to decrease 
once a critical temperature has been reached.
Since climate is an important factor in determin-
ing species distributions, climate change may have a 
great effect over current, local biological diversity, 
possibly causing an increase in species extinctions 
(Fischlin et al. 2007). Climate change is also expect-
ed to affect the distribution of ecosystems, increasing 
forest cover in boreal and alpine regions, decreasing 
cover and changing forest type in temperate regions, 
and decreasing forest and woodland cover in the trop-
ics (Fischlin et al. 2007).
The expected effects of climate change on the 
provisioning of ecosystem services differ among the 
biomes and forest types. In general, climate change 
is expected to bring about increased frequency and 
intensity of disturbances, including greater extremes 
in temperature and precipitation, the effects of which 
on biodiversity are likely to be enhanced by increased 
intensity and occurrence of pests and diseases, fires, 
and cyclic extreme weather events (Fischlin et al. 
2009). Climate change is also expected to have ef-
fects on the phenology of many plant species, alter-
ing leaf bud flush, flowering, and fruiting periods, 
and negatively affecting reproduction processes 
(McMullen and Jabbour 2009). Due to the great 
uncertainty about which of the different emission 
scenarios might become the reality, and to the low 
resolution of most climate change models, predict-
ing the actual levels and locations of future changes 
in biodiversity is difficult. Climate change policies 
should, therefore, concentrate on reducing emissions, 
increasing information on changes expected to be 
caused by climate change, and on reducing the vul-
nerability of natural and human systems to climate 
change effects.
In addition to carbon, burning fossil fuels also 
releases sulphur, which reacts with water and oxygen 
in the atmosphere to form sulphuric acid. This may 
cause acid rain that has negative effects on plants, 
animals (e.g., Dirnböck et al. 2007), and infrastruc-
ture. Such effects may also be caused by the sulphur 
emitted during volcanic eruptions. It may take forests 
many years to recover from these effects, even once 
sulphur emissions have been curbed (Dirnböck et 
al. 2007).
Finally, the nitrogen cycle has also been largely 
altered by human activities, with the potential to 
contribute to acid rain, as well as eutrophication of 
(aquatic and terrestrial) ecosystems. Both phenom-
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ena have caused changes in species composition, 
favouring species with a greater tolerance for acid 
environments (e.g., slight changes in alpine areas 
in Austria, Dirnböck et al. 2007) and driving local 
species extinctions in grasslands (e.g., Tilman et al. 
2002). On the other hand, positive fertilisation ef-
fects of nutrient-rich rains on productivity have also 
been observed in some systems, especially in Europe 
(Fischlin et al. 2007).
6.2.4 Invasive Species
We define an invasive species as any species that 
successfully invades a forest type (ecosystem) 
where it was previously unknown, causing biologi-
cal change and/or ecological or economic harm in 
that ecosystem (Levine et al. 2002). Invasive alien 
species (those invasive species that originate from 
outside the ecosystem) are a major cause of spe-
cies extinction (Norton 2009). This has especially 
been studied on islands and in Mediterranean en-
vironments owing to the high numbers of invasive 
species in these ecosystems (Blackburn et al. 2004, 
Norton 2009). Most introductions of invasive alien 
species have resulted from human actions, and while 
many introduced species fail to increase in numbers, 
the relative few that become successful often cause 
disproportionate damage (Mack et al. 2000). More 
recently, however, climate change has increased the 
success of invasive species by changing the condi-
tions to favour invaders over local species. Further, 
the success of invasive species is often linked to a 
chain of events acting additively or synergistically to 
promote conditions favourable to invasion, includ-
ing habitat alteration and degradation, community 
structure alteration, and over-exploitation (Diamond 
1989). In this sense, invasive species may be a proxi-
mate cause of change following a chain of earlier 
events and environmental changes.
The mechanisms by which invasive species cause 
local ecosystem change include: competition with or 
predation on local species, alteration of ecosystem 
functioning, and even genetic contamination (e.g., 
Shea and Chesson 2002). The results of invasions 
include altered community structure, altered bio-
diversity (including extinctions), homogenisation 
of flora and/or fauna, and, ultimately, reduced eco-
system services (Chapin et al. 2000). Once invasive 
species are established, they may decrease the resis-
tance and resilience of the systems, and, in addition, 
create an alternative stable state that is exceedingly 
difficult to eradicate (Hooper et al. 2005, Thompson 
et al. 2009).
Examples of ecosystem change following species 
invasions are numerous and include the loss of na-
tive flora and fauna on many islands, such as Guam, 
where invasion by the brown tree snake in the 1950s 
led to the decimation of most of the island’s bird, 
lizard, and mammal populations (e.g., Mortensen 
et al. 2008). Loss of biodiversity often results in a 
loss in the capacity of a system to resist invasion; 
diverse systems are often better able to resist inva-
sion (Balvanera et al. 2006). Published evidence is 
consistent with the concept that diversity enhances 
the stability of ecosystem processes (DeClerck et 
al 2005, Hooper et al. 2005, Laliberté et al. 2010) 
and the flow of goods and services. The evidence 
relating resistance to invasion success is based on 
the capacity of species in more diverse systems to 
better use and/or partition resources, compared to in 
simple systems, where vacant niches are more avail-
able (e.g., Post and Pimm 1983, Levine et al. 2002, 
Hooper et al. 2005). Various factors, both extrinsic 
and intrinsic to an ecosystem, such as availability of 
niches, system degradation, and fragmentation, may 
affect the capacity of alien species to invade.
A number of examples are available of intro-
duced trees invading temperate forest ecosystems 
(e.g., Richardson 1998), suggesting that many forests 
are not especially resistant to invasion and that many 
invading species are superior competitors to many 
local species and/or that forest plant communities 
are not saturated. Considerable evidence indicates 
that disturbed systems are more prone to invasion 
than undisturbed systems and that diverse tropical 
ecosystems are less prone to invasion (e.g., Sax 2001, 
Simberloff et al. 2002, Fridley et al. 2007). Lack 
of resistance to invasion in temperate forests, may 
be a long-term result of a reduced number of en-
demic species following ice ages coupled with loss 
of species owing to invasive diseases anthropogenic 
effects, which have resulted in vacant niches (Sim-
berloff et al. 2002).
Many studies compare the number of native plant 
species in a system to the number of introduced plant 
species as an indicator of the invasibility of an eco-
system (e.g., Macdonald et al. 1989, Keeley et al. 
2003). Such comparisons may be too simple, how-
ever, since the effects of invasion are also affected 
by the level of disturbance in a given ecosystem, 
the extent of the undisturbed area owing to edge 
effects, and the scale of measurement. Deriving a 
general hypothesis for forests is confounded by this 
complexity.
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6.3 Biodiversity Management 
as a Response to Drivers of 
Change
Biological diversity alone is not a guarantee for pro-
vision of abundant goods and services (Díaz et al. 
2005). This diversity also needs to contain the right 
mix of species and structure to provide goods and 
services in a sustainable manner. Diversity, however, 
may enhance an ecosystem’s capacity to resist or 
adapt to changes (Balvanera et al. 2006, Fischlin et 
al. 2009, Laliberté et al. 2010). Possibly the most 
direct links between diversity and ecosystem services 
can be established between growth rates and carbon 
contents of specific species. A greater proportion of 
fast-growing tree species increases carbon storage 
(e.g., Bunker et al. 2005), but diversity seems to be 
more linked to ecosystem stability than with the level 
of carbon sequestration (Bunker et al. 2005, DeCler-
ck et al. 2005, 2006). Nevertheless, there is consid-
erable evidence that multi-species ecosystems are 
more productive than simple forest systems, such as 
monoculture plantations (Thompson et al. 2009).
In this section we highlight some promising ex-
periences of management of biological diversity that 
were able to maintain or enhance a variety of eco-
system services. Conservation of biological diversity 
needs an approach that goes beyond relying only on 
protected areas. This has been well understood by 
many decision-makers, resulting for example, in the 
establishment of Biosphere Reserves. These have 
different levels of management (core areas, mul-
tiple use zones, and buffer areas) and use biological 
corridors that are oriented at improving the connec-
tivity between protected areas, often by promoting 
sustainable land use options on private lands within 
agricultural landscapes. Therefore, we distinguish 
three broad settings for biodiversity management: (1) 
management of protected areas, (2) management of 
forest reserves for timber and non-timber production, 
and (3) management of biodiversity in agricultural 
landscapes.
6.3.1 Management of Protected Areas
We consider that effectively and efficiently managed 
protected areas are the best way for ensuring the 
maintenance of biological diversity. DeFries et al. 
(2005), for example, found that habitat destruction 
within 198 protected areas in tropical forests of dif-
ferent continents was lower than in the associated 
buffer zones, or than outside the protected areas but 
within the same biomes. However, they also indi-
cated that the increased isolation of these areas was 
common. In Latin America, this has resulted in an 
increase of the negative effects of surrounding land 
uses on the diversity inside protected areas (Finegan 
and Bouroncle 2008). Other authors have shown that 
management of forests for timber and non-timber 
forest products by communities in Guatemala and 
Mexico may have greater positive effects on forest 
conservation than poorly managed protected areas 
(e.g., Carrera and Prins 2002, Bray et al. 2008).
Protected area networks must be managed and 
extended to provide adequate protection of biodivers-
ity given the new global realities, including climate 
change and an ever-expanding human population that 
continues to erode natural capital. Sánchez Azofeifa 
et al. (2003) report a positive effect on surrounding 
areas of effective park management in Costa Rica, 
finding more forest patches on private lands near 
the parks than away from these parks. This may, 
however, also be due to government policies oriented 
at strengthening those parks through prioritisation 
of Payment for Ecosystem Services (PES) to land 
owners within biological corridors linking such 
protected areas. The location of protected areas in 
respect to large population centres, main highways, 
or flat land, may influence the degree to which pro-
tected areas contributed to avoiding deforestation. 
In Costa Rican regions with high rates of deforesta-
tion, the establishment of parks has had the effect of 
reducing this rate of deforestation. Parks established 
in areas with poor accessibility and low potential for 
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Photo 6.2 Effectively and efficiently managed pro­
tected areas are the best way for ensuring the 
maintenance of biological diversity (San Martin 
Colliera Escalera, Peru).
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other land uses contributed little to reduce the already 
low threat of deforestation (Pfaff et al. 2009). In all 
of these cases, participation of local land owners 
has been important to achieve the protection goals 
within protected areas as well as on the neighbour-
ing private lands.
Another positive example in this regard has been 
in Canada, where, increasingly, protected areas are 
being seen as one way to help natural systems adapt 
to climate change by reducing human-caused stresses 
on the landscape. To reduce the pressure from in-
creased accessibility to resources in northern Canada, 
due to a rise in temperatures, over 11 400 000 ha of 
new protected areas have been established. These 
new protected areas have doubled the amount of land 
protected over the past 20 years to about 10% of the 
Canadian land base. Park planning and expansion 
has involved aboriginal communities, government 
agencies and representatives, a variety of national 
and regional public interest groups, non-aligned 
members of the public, and industry (e.g., forestry, 
mining, oil and gas industries).
While climate change is one of the drivers be-
hind the establishment of many of Canada’s newest 
parks, ecosystem integrity remains the main goal 
of protected areas planning in Canada (in revised 
National Parks Act 2000). Climate change has not 
yet been fully accounted for during planning pro-
cesses, and few parks have developed plans related 
to climate change (Scott and Lemieux 2005). In Latin 
America, the prevention of deforestation and forest 
degradation by over-exploitation are major goals for 
the establishment of protected areas.
Many older protected areas in Canada and else-
where were established with the specific objectives of 
protection of landscapes and/or discrete ecosystems, 
conservation of biodiversity, particularly wildlife, 
and the provision of public recreation. However the 
capacity of the protected areas to support these ob-
jectives may change as a result of global warming. 
It will be essential to review the capacity of pro-
tected areas to meet both present and future species 
and ecosystem protection objectives in the light of 
climate change scenarios. The lack of certainty in 
climate change projections adds a tremendous chal-
lenge to manage for ecosystem adaptation to climate 
change in protected areas. Adaptation will require 
careful landscape management in areas surrounding 
current protected areas, particularly for maintaining 
or enhancing connectivity between these areas (e.g., 
Rayfield et al. 2008). In Costa Rica, for example, 
climate change has prompted authorities to consider 
the connectivity between protected areas, above all, 
along altitudinal ranges, promoting the establish-
ment of biological corridors on private lands (Canet 
Desanti 2007).
Expansion in existing protected areas is one 
approach to solving the problems associated with 
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Photo 6.3 Payments for environmental services have contributed to forest conservation in Costa Rica.
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climate change uncertainty. However, improved cli-
mate change models and landscape planning will 
be required to adapt protected areas to a changing 
climate (Scott and Lemieux 2005). Some estimates 
suggest that a substantial increase in protected areas 
will still be required if adaptation to climate change 
is an objective (e.g., Wiersma and Nudds 2009).
Protected areas, if effectively managed, are good 
instruments for maintaining biodiversity and the eco-
system services that they provide. However, only 
11.5% of the world’s natural vegetation is currently 
protected in such areas (Rodrigues et al. 2004). At 
the same time, at least in Latin America and other de-
veloping regions, many of these areas lack adequate 
management resources to ensure that the ecosystems 
are well protected. Protected area networks may not 
provide the degree of protection needed to conserve 
habitats having an abundance of particularly sensi-
tive endemic species that have narrow geographic 
ranges (for example, Meso-America, north of Co-
lombia, and Atlantic forests of Brazil, Rodrigues et 
al. 2004). While in some cases, increasing the cover-
age of protected areas will be a viable option, in 
others, such as in areas where forests are intensively 
used by local people, other forms of management of 
biodiversity are necessary.
6.3.2 Sustainable Forest Management
In Latin America, about a quarter of the natural 
forests have been assigned to local communities 
(Sunderlin et al. 2008), amounting to over 250 mil-
lion ha. A similar area is under legal protection, and 
about 200 million ha are privately held (mainly in 
the Amazon region); the rest is state land given in 
concession or without clearly assigned management 
responsibilities. Of these natural forests, about 3–4% 
are managed according to internationally recogn-
ised standards of responsible forest management 1) 
in community forests (e.g., in Brazil, Guatemala, 
Mexico), in private forests (e.g., Brazil, Argentina, 
Chile, Costa Rica), or in concession areas (e.g., Bo-
livia, Guatemala, Peru). These areas are considered 
to be well-managed and contribute, through bio-
logical diversity conservation, to the maintenance 
of ecological functions and at least some ecosystem 
services. In the Mayan Biosphere Reserve in Guate-
mala, contribution to biological diversity conserva-
tion is probably most striking. Satellite images from 
2000–2002 clearly show a low frequency of fires 
and land use change within the community forest 
concessions, compared to the adjacent reserve buffer 
zones and park areas, some of which remain heavily 
affected (Carrera and Prins 2002).
Well-managed areas include those whose man-
agers know their resources well, typically through 
a series of inventories at different scales and of dif-
fering designs and objectives. In many cases, for-
est managers establish permanent sample plots of 
varying sizes to monitor forest dynamics over time, 
to perform baseline studies of mammals and birds, 
to confirm presence of endangered species, and as 
a tool for future monitoring. Apart from increas-
ing the information base for management, these 
managers plan ahead, apply reduced-impact log-
ging (RIL) practices, and implement mechanisms 
to become good neighbours and good employers. 
Most of these experiences are relatively new, and it 
is very early to determine their success. It has been 
confirmed, however, that certified Latin American 
forest managers do set aside a considerable part of 
their management area for conservation purposes, 
and that RIL practices indeed appear to reduce direct 
logging damage to about 50% of that incurred by 
conventional logging practices (Johns et al. 1996, 
Durrieu de Madron 2009).
In Costa Rica, nearly 20 years of observations 
in permanent forests plots has shown that the main 
negative effect of moderate harvests removing 10 
m3/ha was the area occupied by roads (less than 5% 
of the harvested area). Re-growth in the gaps caused 
by felling was dominated by forest species. Diversity 
measurements in these gaps did not show a signifi-
cant difference between harvested and un-harvested 
sites, except for plots on and immediately along the 
roads (Delgado et al. 1997).
These cases show that forest management has the 
potential to contribute to the conservation of biodi-
versity. However, the area of well-managed forests is 
not much greater than that of protected areas (about 
300 million ha between two global certification sys-
tems: Program for Endorsement of Forest Certifica-
tion and the Forest Stewardship Council), still leav-
ing about 75% of the world’s forests under unclear 
management conditions. Many factors are considered 
to contribute to the lack of increase in well managed 
forest areas. For Latin America, in spite of a general 
improvement of forest policies and legislation dur-
ing the last 10 to 15 years, some of the reasons for 
the lack of adoption of forest management practices 
have been the slow and little-transparent administra-
tive procedures, high cost of management combined 
with low timber prices, high opportunity costs, poor 
control of illegal logging activities, uncertainty about 
future forest use rights, and social conflicts due to 
overlapping rights (e.g., Walters et al. 2005, Smith 
et al. 2006).
1) These were successfully evaluated by auditors of the For-
est Stewardship Council (FSC) forest certification scheme. It 
should be noted that besides these certified natural forests, also 
about 4 million ha of plantations have been certified.
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6.3.3 Management of Biological Diver-
sity Within Agricultural Landscapes
The historical relationship between conservation of 
biological diversity and agricultural production is 
an adversarial one. Agricultural expansion is often 
cited (Kanninen et al. 2007) as one of the main driv-
ing forces behind deforestation. Less frequently, the 
relationship between the conserved elements of land-
scapes and the production elements is considered, 
in spite of increasing evidence that strategic man-
agement of biological diversity at landscape scales 
within agricultural landscapes can play a critical, if 
not essential, role in the development of a sustainable 
agriculture (Balvanera et al. 2006). Indeed, conser-
vationists are rapidly recognising that conservation 
of biodiversity will be impossible unless the conser-
vation role of the agricultural matrix is considered. 
Farmers are also recognising the functional role that 
biological diversity plays in sustainable agricultural 
production. This recognition by stakeholders that tra-
ditionally have been considered diametrically op-
posed to each other, sets the stage for landscape-scale 
management that combines conservation goals with 
production goals and livelihood improvement, which 
is also the basis for successful implementation and 
management of biological corridors.
Exercises in landscape classification generally 
begin with the most evident dichotomy, distinguish-
ing between forest and agricultural land uses, fol-
lowed by further sub-categories. Traditionally, we are 
trained to consider the distinct differences between 
these land uses. From an ecological perspective, 
however, the boundaries between these land uses 
can be less clear, varying from abrupt to gradual, 
depending on the species or processes in question. An 
increasing number of studies considered the impacts 
of these transition or edge zones on the movement 
of individuals and processes. Edge effects occur on 
the boundaries between ecosystems, between forest 
and agricultural systems, for example, and typically 
encompass a change in environmental conditions, 
notably temperature and humidity, in addition to the 
obvious structural changes between the two land uses. 
From the point of view of conservation biologists, 
these edges represent the barriers between forest and 
disturbed habitat that, for some forest-dependent spe-
cies, essentially acts as an impenetrable wall.
The effects of these edges are largely a function 
of the species in question. Some species prefer edges 
and their impacts on resource distribution. Others 
find that the edge habitats provide a suitable blend 
of nesting habitat (forest) and foraging habitat (the 
agricultural matrix) and is the source of many of 
the most valuable ecosystem services for agriculture 
(Balvanera et al. 2006), such as pollinators and insect 
predators. It is also possible to consider the impacts 
of this forest habitat from the opposite point of view – 
that the forest serves as a barrier to the movement of 
agricultural pests or agricultural run-off. It is largely 
this second set of effects that warrant greater consid-
eration and that may play an important role in un-
derstanding the functional role of conserved forests 
within the agricultural landscape. Here we quickly 
review three such functions: 1) forests as source habi-
tat for species of agricultural importance, 2) forests 
as buffers, and 3) forests as barriers. By no means do 
we suggest that the functional interaction between 
forest and managed portions of the landscape is lim-
ited to these functions. The biological corridors in 
Central America are an example of the maintenance 
of forest or tree covers for a combination of functions 
at a landscape level, emphasising that for successful 
implementation of such an integrated approach, other 
factors may be as important as the ecological func-
tions. Morse et al. (2009) provide some insight into 
factors that may influence such decisions, concluding 
that in Costa Rica, national legislation that forbids 
forest conversion, the implementation of a payment 
for environmental services (PES) scheme, and the 
social and economic situation of the forest owners 
were important factors influencing the decision to 
maintain forest on their agricultural land.
Forest Patches as Source Habitat for Species of 
Agricultural Importance
One of the predominant characteristics of agricultur-
al landscapes is the regular and frequent disturbance 
originating from the cultivation practices associated 
with annual crops, or the regular application of agro-
chemicals and pruning regimes of perennial crops. 
These activities generally favour insect species with 
short life spans and/or high dispersal rates, traits that 
we typically associate with agricultural pests. On 
the other hand, the species that prey on these pests 
are often associated with longer life spans requiring 
less frequently disturbed habitats. Extensive agricul-
tural areas, therefore, tend to promote agricultural 
pests while inhibiting the presence of the natural 
control agents (e.g., Díaz et al. 2005). Some stud-
ies have shown, however, that reducing the distance 
between the natural and semi-natural habitats where 
disturbance rates are low, and the agricultural area, 
increases the capacity of these natural predators 
to control pest populations. The semi-natural area 
serves as habitat where the individuals can breed and 
survive, whereas the agricultural portion serves as a 
source of food for the pest-predators. Conservation 
of forest fragments adjacent to agricultural uses can 
contribute to pest control.
Pest control is not the only function that behaves 
in this manner. For example, pollinators have been 
shown to exhibit the same tendencies. This has also 
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been the main ecosystem service evaluated in de-
veloping countries, relating them to their respective 
ecological functions (or support services in MEA 
2005). Ricketts (2004), in a classic study, counted 
the richness and abundance of bee species along a 
gradient from within a forest extending 800 m or 
so into a coffee plantation. His results showed that 
bee richness and abundance dropped dramatically 50 
m away from the forest. At the forest edge, 11 bee 
species were actively pollinating coffee plants, but at 
800 m from the forest edge, only 2 species remained, 
one of which was the introduced European honeybee 
that is responsible for 98% of the bee pollination at 
this distance. While coffee is also self-pollinating, 
reducing the impact of reduced bee diversity on pol-
lination, these results show the potentially negative 
effects of removing forest fragments in agricultural 
landscapes: The reliance on a single species for pol-
lination services compromises the resilience of the 
pollination service to collapse of the bee populations, 
a scenario that is not unlikely and that has occurred 
in the south-western United States, where honeybees 
play a particularly important role in fruit and food 
production in the absence of native pollinators.
Forest Patches as Buffers
Strategic placement of forests is not only important 
to creating habitat, but it can also play an important 
role as a buffer, inhibiting the movement of agricul-
tural waste products to more sensitive areas, such 
as aquatic systems. This case of riparian buffers has 
been particularly well demonstrated in the Missis-
sippi River watershed of the United States (US). 
Strategic placement of narrow strips of forests along 
rivers can effectively serve to prevent the movement 
of agrochemicals and sediments into sensitive water-
ways. The impact of coordinated protection of ripar-
ian corridors not only has tremendous promise for 
increasing the movement of forest-dependent species 
due to their linear nature, but their filtering ability 
plays a tremendous functional role in maintaining 
or improving water quality.
Protection of riparian forests thousands of kilo-
metres away is one of the most practical solutions 
to preventing downstream pollution by agricultural 
wastes. Ecologists working in the Midwestern US 
states have demonstrated that simple 10 m-wide buf-
fers of riparian vegetation can absorb 90% or more of 
the agricultural run-off before it enters the waterway 
and storing it in the plant biomass (Schultz et al. 
2004). These riparian forests play additional roles in 
reducing the loss of sediment to erosion, providing 
corridors for wildlife, and enabling recreation op-
portunities in the form of hiking, hunting, and fishing 
(Schultz et al. 2004). In this case, the conservation 
of forest buffers within the agricultural matrix has 
impacts that are felt well beyond the boundaries of 
the agricultural landscape, indeed, extending into 
adjacent aquatic or marine ecosystems.
Kareiva and Marvier (2007) have also promoted 
the use of natural area buffers for ecosystem protec-
tion. They focused on the Mississippi River delta, 
an area that was devastated by Hurricane Katrina 
in 2005. Kareiva and Marvier noted that the delta 
includes a combination of endangered biodiversity, 
poor communities that were disproportionately af-
fected by hurricanes, and low-lying areas where the 
hazard risk is high. Mapping areas of conservation 
interest, areas at greatest risk of storm surges and 
flooding, and low-income communities also at great-
est risk from storm surges, permitted a visual over-
view of priority areas where multiple goals could 
be met simultaneously. For example, by preserving 
natural ecosystems in flood zones adjacent to these 
low-income communities, planners are able to pro-
tect endangered biodiversity while protecting human 
lives and infrastructure.
Much of this sentiment was also noted during 
the Indonesian tsunami of 2004, where coastal areas 
that included forest buffers and mangroves were less 
affected than areas where such natural barriers had 
been removed. Bradsaw et al. (2007) also supported 
the notion of forests as buffers in their study of the 
relationship between forest cover and the damage 
caused by flooding. Their results demonstrated that 
conservation of upstream areas can indeed mitigate 
the effects of flooding and that extensive forests areas 
must be protected, but that the capacity of these for-
ests to mitigate extreme events may be limited. It is 
important to note that with the predicted increase in 
natural hazards associated with climate change (such 
as sea level rise in the two examples given above), 
the functional role of forests as mitigation agents is 
likely to become increasingly important, and thus a 
critical understanding of how forest elements can be 
strategically located within landscapes to effectively 
serve as buffers is urgently needed.
Forest Patches as Barriers
Finally, the functional role of forests as barriers 
can also be considered. We typically think of for-
ests as corridors, connecting patches of forests on 
fragmented landscapes and ensuring that species of 
conservation concern maintain the ability to move 
throughout the landscape. Consider for a moment a 
landscape that is 20% forested with 80% agriculture. 
From the conservation perspective, this landscape 
is heavily fragmented and it would be difficult for 
a forest-dependent species to disperse through the 
agricultural matrix. Connectivity is a species-specific 
phenomenon and our perspective of this landscape 
changes completely if we consider connectivity from 
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the point of view of an agricultural pest, such as the 
coffee berry borer, which has an important economic 
impact on coffee production. For this organism, our 
theoretical landscape is not fragmented; rather, it 
is highly connected (Avelino, personal communica-
tion). Preliminary studies have shown that the borer 
considers forest habitat as hostile, rarely penetrating 
more than 10 m into the forest. This demands the 
question: If we managed to increase forest cover and 
connectivity in a landscape dominated by agriculture, 
are we effectively decreasing the movement of pest 
species while increasing the movement of species of 
conservation concern?
Forests have also been used as barriers against 
pollution and noise, particularly in more developed 
countries. Again, a good understanding of the charac-
teristics of forests for the proper functioning of such 
barriers is essential, as is planning for their location 
at a landscape level.
6.4 Towards a New Vision of 
Biodiversity and Ecosystem 
Services
Loss of biodiversity and economic development 
cannot be seen as separate processes, although their 
relationship may differ according to geographic, cul-
tural, socio-economic, and political context. The four 
drivers discussed are very much related to economic 
development: emission scenarios are derived from 
socio-economic scenarios (IPCC 2007). The extent 
and location of deforestation is at least partially ex-
plained by economic models (e.g., Hyde et al. 1996), 
while its rate over time has been presented as the 
Kuznets curve, showing increasing deforestation 
with increasing GNP (gross national product) per 
capita to reach a minimum and then decrease with 
a further increase in average GNP, also called “for-
est transition” (Mather 1992, Cropper and Griffiths 
1994, Rudel et al. 2005).
Over-exploitation often is a first step towards de-
forestation, fulfilling the demand for high value spe-
cies to a relatively limited market and implemented 
by generally poor people under difficult working 
conditions, while increased international trade re-
lated to globalisation has facilitated the spread of 
invasive species.
Reducing biodiversity loss, therefore, has to deal 
with the complex issues of development, but go be-
yond merely moving a country or region forward 
along the Kuznets curve to a level where forest cover 
increases. If biodiversity is not conserved along the 
way, the new forests may never come near to recov-
ering the diversity nor the functions (and, therefore, 
the ecosystem services) of the old forests because 
the forest resilience has been lost. This would mean 
that the minimum level of forest cover would need 
to be as high as possible (probably >30%, Andren 
1994), be distributed over the widest range of (for-
est) ecosystems possible and in large patches, and 
maintain functional connectivity to areas that are 
likely to recover their forest cover over time.
6.4.1 Maintaining a Minimum Level 
of Forest Cover
In the above paragraphs, we have argued that lo-
cal successes have been (or can be) achieved in re-
ducing pressure on forests. Successful approaches 
were different depending on the circumstances. We 
referred, for example, to studies in the Mayan Bio-
sphere Reserve in Guatemala, where management 
responsibilities were assigned to local communities, 
accompanied with technical and financial assistance, 
and resulted in avoiding deforestation and institut-
ing adequate forest management practices. In the 
highlands of Costa Rica and the eastern lowlands 
of Bolivia, effective park management combined 
with establishing local guide associations and PES, 
resulted in maintaining the park’s integrity and in-
creasing forest cover (Costa Rica), or reducing de-
forestation (Bolivia) immediately outside the park 
areas. PES increased forest and tree cover in some 
of Costa Rica’s agricultural landscapes, although 
factors other than an increase in income (e.g., na-
tional legislation, socio-economic situation of forest 
owner) may also have been important in the motiva-
tion to maintain or enhance tree cover. The results 
of these studies suggest that the research should not 
only focus on the drivers of deforestation (a nega-
tive effect) but also on the drivers of conservation (a 
positive effect), such as PES schemes. PES should 
not be viewed as a panacea, however, and must be 
further developed to continue its positive impact on 
conservation and livelihood improvement. The re-
sults of these studies may particularly contribute to 
the design of local implementation mechanisms for 
Reducing Emissions from Deforestation and forest 
Degradation (REDD or REDD-plus).
Those activities that reduce land use change and 
over-exploitation also contribute to a reduction in 
carbon emissions. Reduced impact logging practices, 
usually an integral part of good forest management, 
also contribute to reduced emissions in comparison 
with conventional logging due to a reduction of 50% 
in road areas and damaged remnant trees. Unfor-
tunately, these practices are not widespread. The 
application of both reduced deforestation and RIL 
activities are hampered by cultural, socio-economic, 
and political barriers. The removal of these barriers 
will be essential for a reduction of biodiversity losses 
and for mechanisms such as REDD to function. The 
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experience in forest conservation and management 
over the last decades in Latin America, however, indi-
cates that this may be more expensive than estimated 
by economists such as Stern (2006), may need more 
than a mere transfer of money from the developed to 
the developing countries, and may not be determined 
by economic factors alone.
6.4.2 Maintaining Functional 
Connectivity and Ecosystem Services 
Outside Protected Areas
Strategic placement of forests in agricultural land-
scapes presents multiple opportunities where conser-
vation, production, and livelihood needs are simulta-
neously promoted. The science of landscape ecology, 
particularly of strategic arrangements of forest cover 
within the agricultural matrix, is nascent; however, it 
shows tremendous potential for increasing the multi-
functionality of agricultural landscapes, including 
built-in adaptability to climate change, hazard risk 
reduction, and the provisioning of agro-ecosystem 
functions. An interesting example of this is the pro-
motion of biological corridors in Costa Rica, involv-
ing private land owners in enhancing biodiversity 
and increasing the provision of ecosystem services 
within their agricultural fields.
6.4.3 Institutional Challenges
The above analysis leads us to identify a number of 
institutional challenges that need to be addressed in 
order to successfully counteract the main anthropo-
genic drivers for changes in biodiversity. Since the 
drivers are strongly related to factors of economic 
development, and economic development is influ-
enced by institutions at different levels, biodiversity 
conservation needs to be mainstreamed at these same 
levels. Possibly the most progress can be seen at the 
international level, where the 1992 Earth-Summit in 
Rio de Janeiro gave rise to a number of international 
agreements and conventions calling for development 
policies and strategies that consider a balance be-
tween social, economic, and environmental costs and 
benefits. While these agreements have catalysed the 
appearance of a large number of examples of well-
managed forests for protection or production, they 
have so far failed to reduce poverty (e.g., Agenda 21), 
to implement widespread sustainable forest manage-
ment (forest principles), to halt deforestation (e.g., 
Framework Convention on Desertification, Conven-
tion on Biological Diversity), or to curb greenhouse 
gas emissions to acceptable levels (Framework Con-
vention on Climate Change).
Why is it that these international agreements 
and conventions have not had, so far at least, the 
desired effect at national and local levels? It is be-
yond this paper to answer this question. Elsewhere in 
this document, the functioning of institutions in the 
forest sector is discussed extensively (see Chapter 
23). From our experience and the above analysis, 
however, it appears that one of the major barriers 
is that the different international agreements and 
conventions show much overlap but have failed to 
integrate their actions; instead, they have acted in 
isolation, often with duplication of efforts and even 
with competing interests. Related to the previous 
point, national and local efforts to improve forest 
management and protection or to reduce deforesta-
tion through legislation and policies, have concen-
trated on regulating activities within the forest sector, 
while many of the problems arise from pressures 
outside that sector. In addition, formal forest sector 
institutions do not seem to have been able to cope 
with the “ecosystems approach” proposed by the 
CBD and calling for involvement of a wider group of 
stakeholders in the management of natural resources 
within a territory.
This challenge, among others, lies in creating 
platforms at different levels (international, national 
and local) where different actors are able to discuss 
natural resource management openly, where all stake-
holder groups are well represented, and that will have 
the capacity to address the most pressing issues at the 
corresponding level. The FAO (Food and Agriculture 
Organisation of the United Nations) -supported na-
tional forest programs have been designed to do just 
that, but in Latin America, few governments have the 
experience, skill, and willingness to apply them as 
designed. At the local or landscape level, the experi-
ences with biological corridors in Costa Rica indicate 
that such platforms work if stakeholders within a 
landscape recognise a common objective. They may, 
however, require government support, subsidies, or 
a type of payment for ecosystem services to ensure 
that these public services are also provided on pri-
vate lands. For this to work, ecosystem services will 
need to be recognised in law and the state will need 
to be able to put a value on these services or on the 
opportunity costs of their provision. Even so, PES 
may pale compared to profitable land-use alterna-
tives, such as timber harvests, plantation forests, or 
soybeans, in which case the landowners will reject 
the PES offer (Wunder 2005).
From the ecological and economic points of view, 
one of the greatest challenges will be to increase 
knowledge on the effects of biological diversity on 
the desired ecosystem services and to valuate them 
properly. Although current efforts to conserve bio-
logical diversity within and outside forests show in-
teresting experiences, for most services, it remains 
difficult to establish quantitative links between spe-
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cific biodiversity and a specific level of environmen-
tal services, making it difficult to incorporate biodi-
versity into payments for environmental services or 
market schemes. An additional challenge will be to 
make sure that such schemes are accessible to those 
people most in need of the additional income, and 
not, as in many cases, to those that do not depend on 
the forest or forest land to make a living.
A third challenge will be to communicate the 
information to the stakeholders in such a way that 
they can use it for individual and group decision-
making. This may require decision-making tools, 
such as multi-criteria analysis tools, or tools that 
allow them to make simple cost-benefit analyses.
6.5 Conclusions
Conversion of forests into agricultural lands, over-
exploitation, air pollution leading to climate change 
and acid rain, and invasive species, all cause great 
stress on forest ecosystems. Conscious of the nega-
tive effects of human activities, society has responded 
by increasing the area of forest being protected and 
well-managed, and by incorporating management 
of trees and forest patches into management of ag-
ricultural landscapes. Still, most of natural forests 
and agricultural landscapes are not well-managed 
and their existence continues to be threatened by 
the same drivers. Our analysis of literature suggests 
that the lack of reduction in the threats to biological 
diversity is, among other things, due to lack of ad-
dressing the subjacent causes of the threats. These 
are very much linked to level and form of economic 
development, and are often found outside the forest 
and environmental sectors.
In order to reduce the threats to biological di-
versity, we suggest a positive approach to forest 
conservation, combining aspects of willingness to 
conserve with willingness to pay for further conser-
vation; removal of administrative barriers to good 
forests management and protection; landscape 
management; intersectoral coordination between 
international, national and local policies; increased 
communication between stakeholders; and more re-
search on the interactions between biodiversity and 
ecosystem services.
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Abstract: Ongoing changes in Earth’s atmosphere and global climate change will 
have profound effects on future forest distribution and composition, as well as on the 
organisms that live and depend on forests. It is anticipated that due to increased stress, 
trees will become more susceptible to insects and diseases. At the same time, changes 
in temperature and precipitation regimes will cause alterations in the lifecycles of in-
sects and diseases, increasing their host ranges and virulence, and becoming important 
drivers of change in forest ecosystems. In addition to these effects, forest health is 
threatened by invasive species. Accelerated global trade will increase the likelihood of 
cross-continental introduction of insects and pathogens, as well as plants and animals 
alien to native ecosystems, causing transformation and economic loss in forests already 
stressed by climate change. Forest resistance to climate-induced forest health decline 
can be increased by a number of measures, which include increasing forest complexity, 
conservation of genetic variability by protecting key populations, and assisting forests 
to migrate and adapt to the change. Complex decision-making systems may need to 
be developed to assess climate risk and forest health impacts. Forest pest management 
can play a role in mitigating the effects of climate change on forests and society.
Keywords: forest health, climate change, insects, diseases, invasive species
■
GLOBAL ENVIRONMENTAL CHANGES
7.1 Introduction
Forests cover approximately 30% of the world’s total 
land mass (FAO 2005). They form an integral part 
of life on Earth, and provide a range of benefits at 
local, national, and global levels. In a report to the 
eighth Session of the United Nations Forum on For-
ests (UNFF8 2009), the Secretary-General tabled a 
report (E/CN.18/2009/4) in which it was recognised 
that climate change poses a serious threat to forests 
throughout the world, and to the millions of people 
who depend on forests for their livelihoods (UN 
2009). The report addressed the important role that 
carbon sequestration by forests can play in mitigating 
and adapting to climate change. The multi-year pro-
gram proposed calls for actions to address the theme 
of forests in a changing environment, preventing de-
forestation and forest degradation, and combating de-
sertification. The United Nations Forum recognised 
that, while carbon sequestration is foremost in the 
public’s attention at this moment, forests produce not 
only timber and important non-timber forest prod-
ucts, they also provide a large number of important 
ecosystem services. These include maintenance of 
biodiversity, water and temperature regulation, flood 
and landslide controls, and others. A healthy, sustain-
ably managed forest is essential for the production 
of vital ecosystem services.
Forests are comprised of distinct ecosystems, 
each consisting of coherent communities of life 
forms and the physical environments with which they 
interact (Slocombe 1993). As a consequence, forests 
are normally highly dynamic and subject to a variety 
of changes. Separating normal forest changes from 
changes caused by declining forest health requires 
that we understand the dynamics of change.
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Changes in forests come primarily in the form 
of “disturbances,” which can be defined as any rela-
tively discrete events in time that disrupt the suc-
cessional development of a forest stand, ecosystem, 
or landscape, by affecting its population structure 
and changing resources, substrate availability, or the 
physical environment (Runkle 1985, Rykiel 1985, 
Attiwill 1994). Disturbances are often thought of 
as destructive events (Pickett et al. 1987) that set 
back, or even change the direction of the successional 
processes of regeneration and recovery. Disturbances 
occur in many forms (e.g., wind, fire, disease, insect 
disturbance, and logging) and over a wide range of 
scales (Dale et al. 2001). Disturbances leave ecologi-
cal legacies (Dupouey et al. 2002) that determine 
future species composition, age structure, and spatial 
heterogeneity of the area (Radeloff et al. 2000, James 
et al. 2007) and, consequently, facilitate or impede 
the occurrence of future disturbances (Fleming et 
al. 2002, Kulakowski et al. 2003, Holzmueller et 
al. 2008).
The concept of disturbance regime (Sousa 1984, 
Johnson and Gutsell 1994) is typically used to clas-
sify disturbances of a particular type (e.g., insect 
outbreak) in terms of their areal extent, severity, du-
ration, and frequency (Martell 2002, Bergeron et al. 
2004). Since many areas are prone to multiple kinds 
of disturbances (e.g., wind, fire, disease, and insect 
outbreak), focusing on a single type of disturbance 
may not lead to a comprehensive understanding of 
a site’s disturbance history (Fleming 2000). Hence, 
it is also important to consider how different distur-
bances interact (Photo 7.1) (Fall et al. 2004, Parker 
et al. 2006, Bouchard and Pothier 2008). It is the 
disturbance regime complex that ultimately results 
in modifications of forest environments. This is ex-
emplified by the large-scale landscape alterations 
that occur after the interaction of intense pest activity 
and wildfires.
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Photo 7.1 Stands in the Chilco-
tin Plateau of British Columbia 
(BC), Canada normally sustain 
recurrent mountain pine beetle 
and fire disturbances. Top: Pho-
tograph taken in 2008 of an 
ongoing mountain pine beetle 
infestation (red trees) and evi-
dence of past infestations that 
killed the trees on the ground 
(downed coarse woody debris). 
Bottom: Photograph taken in 
2009 of the same stand after 
a wildfire.
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7.1.1 Influence of Disturbances on 
Ecosystem Succession
It is widely recognised that different kinds of eco-
systems are associated with different disturbance 
regime complexes (Runkle 1985), which points to 
the fundamental role that disturbance plays in the 
development of ecosystem structure and function 
(Aber and Melillo 1991, Attiwill 1994, Johnson and 
Miyanishi 2007). In sustaining itself at a site, an eco-
system goes through repeated cycles of maturation 
and renewal. Disturbances are the principal agents in 
these “renewal” cycles for releasing the tightly bound 
accumulations of biomass, energy, and nutrients that 
characterise an ecosystem at maturity (Gunderson 
and Holling 2002). This sudden release produces 
a pulse of available resources, which opportunistic 
species exploit as they effectively colonise the site 
and launch another successional sequence. This is a 
critical time in ecosystem recovery. The next succes-
sional sequence could retrace previous successional 
pathways at the site and thus culminate in an eco-
system with much the same properties (in terms of 
species composition, spatial distribution, soil quali-
ties, etc. [Bever et al. 1997]) as the one that existed 
on the site immediately before the disturbance. In 
this sense, the original ecosystem has effectively re-
tained the site. However, there are natural situations 
that result in the original ecosystem not retaining 
the site and another, sometimes radically different, 
ecosystem may begin to assert itself (Holling 2001, 
Scheffer et al. 2001, Folke et al. 2005). Depend-
ing on the mix of available resources and micro-
environments available at the site, and the variety 
of species with an opportunity to exploit them, the 
new successional sequence may veer away from the 
successional pathway leading back to the ecosystem 
originally situated at the site, and move in a path-
way culminating in a totally new ecosystem (Oliver 
1980, Bazzaz 1996, Scheffer and Carpenter 2003, 
Jasinski and Payette 2005, Schröder et al. 2005) with 
its own unique disturbance regime complex (Mack 
and D’Antonio 1998, Raffa et al. 2008). Heath and 
Alfaro (1990) reported the replacement of lodgepole 
pine ecosystems by Douglas-fir in response to beetle 
epidemics.
7.1.2 Ecosystem Disturbances and 
Forest Health
The capacity of a forest ecosystem to absorb dis-
turbance and reorganise while undergoing change 
and retain essentially its original function, structure, 
identity, and feedbacks has been termed “ecological 
resilience” (Gunderson and Holling 2002, Walker 
et al. 2004). Within this context, a “healthy forest” 
can be considered one in which the underlying eco-
logical processes of its ecosystems operate so that, 
on any temporal or spatial scale, they are resilient 
to the historical disturbance regime with which it 
evolved. However, when a forest ecosystem is sub-
jected to disturbances outside its historical range, 
such as those expected from rapid climate change, 
large-scale land use-change, or logging, its resilience 
may be inadequate and collapse becomes possible. 
The challenge ahead is to ensure that forests remain 
healthy for as long as possible in face of the impend-
ing changes to Earth’s climate so that they remain 
productive and sustainable. This includes continuing 
to provide a share of world production and retain 
jobs, and having the capability to provide the eco-
nomic, recreational and other environmental benefits 
and ecosystem services of the original ecosystem, 
and maintain the natural biodiversity of plant and 
animal life associated with that ecosystem.
This chapter reviews the concept of forest health 
in a changing environment, and discusses how to 
maintain healthy forests under climate change given 
anticipated increases in the extent and severity of 
disturbance by agents such as insects, diseases, and 
pollution. We note that the threat to forest health 
arises primarily from the independent and interact-
ing effects of climatic warming, invasive species, 
inadequate forest management, and atmospheric 
pollutants.
7.2 Drivers of Ecosystem 
Health Change
7.2.1 Changes in Disturbance Intensity
Initially, ecosystem instability and loss of resil-
ience in response to climate change will likely be 
a gradual process, occurring over a time scale of 
multiple decades. Outbreaks of insects and diseases, 
and increased fire frequency, will gradually alter the 
forest cover, giving rise to succession by species 
more adapted to the new environmental conditions. 
However, as disturbances reach catastrophic levels, 
such as the pine beetle situation in British Columbia, 
Canada, which began in 2001, disturbances could 
become drivers of change in their own right as dead 
trees return their stored carbon dioxide (CO
2
) to 
the atmosphere, thereby accelerating the process of 
change (Kurz et al. 2008). It is important to antici-
pate the threshold or tipping point (Fischlin et al. 
2009) in which massive ecosystem transformation 
and reorganisation may occur.
Climate change and increased extreme weather 
events predicted by the Intergovernmental Panel on 
Climate Change (IPCC 2007) could alter many of 
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the basic processes that determine pest outbreaks 
(Ayres and Lombardero 2000, Parmesan et al. 2000, 
Volney and Fleming 2000, Walther et al. 2002). With 
climate change, disturbance regimes are expected to 
change, and the process of ecosystem replacement 
will accelerate. Changes in temperature will alter 
tree/pest synchrony, tree species distributions, and 
tree resistance. Simultaneously, changes in moisture 
and precipitation regimes – becoming drier in certain 
areas and wetter in others (IPCC 2007) – will cause 
geographic and host range expansion of insects and 
diseases, allowing organisms to occupy areas or hosts 
that were previously out of reach because of climatic 
constraints.
Insects can respond rapidly to environmental 
change due to their short lifecycles, mobility, great 
reproductive potential, and physiological sensitivity 
to temperature and moisture (Andrewartha and Birch 
1954, Ayres and Lombardero 2000). Thus, climate 
change is expected to have strong direct and indirect 
effects on the survival, development, reproduction, 
dispersal, and geographic distribution of forest pests 
and their hosts (Ayres and Lombardero 2000, Volney 
and Fleming 2000, Bale et al. 2002, Walther et al. 
2002). Warmer spring and summer temperatures will 
accelerate development rates and increase species’ 
reproductive potential (e.g., multivoltine species may 
increase the number of broods produced per year) 
(Bale et al. 2002, Battisti et al. 2006, Raworth 2007, 
Finch et al. 2008, Tobin et al. 2008); warmer winter 
temperatures will increase overwintering survival 
(Battisti et al. 2005 and 2006, Veteli et al. 2005, Buffo 
et al. 2007). Low winter survival is normally respon-
sible for maintaining many pest species below out-
break levels. Other climatic factors, such as humidity, 
also play a role in controlling insect survival and 
reproduction. In the Southern Hemisphere, where 
winters are not as cold and therefore overwintering 
survival not as important (because it rarely gets cold 
enough to kill overwintering insects), even milder 
winter temperatures may result in an extra generation 
of insects and result in increased damage.
As insects and pathogens modify their ranges 
in response to changes in host tree distribution and 
changes in climatic suitability, pest organisms will 
vacate areas of their “normal” distribution that will 
become no longer suitable in which to complete their 
lifecycles and move into new, more suitable areas 
and utilise existing hosts or shift to new hosts (Wilf 
et al. 2001).These changes are already causing some 
pests to expand their geographic ranges, either pole-
ward latitudinally and/or upward altitudinally (e.g., 
Hodar et al. 2003, Parmesan and Yohe 2003, Root 
et al. 2003, Karban and Strauss 2004, Battisti et al. 
2005 and 2006, Hickling et al. 2006, Buffo et al. 
2007, Musolin 2007, Vanhanen et al. 2007). Thus, 
high latitude and high altitude pest species that are 
at the extremes of their distribution and have little 
ability to shift their range, may sustain loss of habitat 
and decline or become extinct, while low latitude or 
altitude species are expected to benefit, and expand 
their ranges northward and upward (Hill et al. 2002, 
Walther et al. 2002). However, many low latitude or 
altitude species (particularly specialists) may decline 
due to a lack of suitable habitat into which they can 
expand their range (Warren et al. 2001, Hill et al. 
2002, Merrill et al. 2008).
An example of a forest pest shifting its range in 
response to climate change is the pine processionary 
moth (Thaumetopoea pityocampa Denis & Schiff.), 
an important pest of pine forests in southern Europe. 
This pest has expanded its range substantially (both 
northward latitudinally and upward altitudinally) 
during the last ten years, with high attack rates in 
previously unaffected areas (Hodar et al. 2003, Bat-
tisti et al. 2005 and 2006, Staley et al. 2006). This 
has been attributed to warmer winter temperatures 
that allow greater survival of overwintering larvae, 
and increased warm summer nights above a threshold 
Photo 7.2 Egg mass of the pine processionary 
moth, Thaumetopoea pityocampa Denis & Schiff., 
on Pinus sylvestris Linnaeus, in the expanded out-
break area, at 1450 m, Mont Avic (Aosta, Italy), an 
unusual elevation for this insect species. The insect 
shows high performance and almost no mortal-
ity due to the absence of major natural enemies. 
A genetic analysis has shown that the population 
originated from different sources, suggesting that 
female moths are flying over larger distances than 
previously believed (Simonato et al. 2007).
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temperature required for flight take-off and nocturnal 
dispersal of females (Battisti 2006). If range shift 
and increased survival events become a global trend, 
there may be serious consequences to silviculture 
worldwide.
Effects of climate change that are more difficult to 
predict include altered synchrony between host-pest 
phenology, e.g., pest feeding stages must coincide 
with host food availability, and reproduction must 
coincide with suitable seasonal timing (Bale et al. 
2002, Walther et al. 2002, Nealis and Regniere 2004, 
Harrington et al. 2007, Musolin 2007). Thus, chang-
ing climate regimes have the potential to disrupt 
the host/pest equilibrium, altering pest density and 
outbreak severity. Additionally, species that interact 
with insect pests (including parasitoids, predators, 
mutualists, or competitors) and help maintain pest 
populations under control, may also be affected by 
climate change (Ayres and Lombardero 2000).
Increased CO
2
 levels in the atmosphere will not 
only increase temperatures, but will change precipi-
tation patterns. Many shoot and needle diseases will 
respond to increasing precipitation by spreading to 
new ranges and hosts, and become more virulent. 
This is because tree pathogens (as any other fungi) 
need humidity for reproduction. Increased humidity 
makes forests more susceptible to diseases. Woods 
et al. (2005) linked increases in Dothistroma needle 
blight to increased precipitation.
However, anticipating which pathogens will in-
crease in activity requires more precise forecasts not 
only of overall precipitation increase and seasonality, 
but also an accurate determination of the pathogen’s 
lifecycle. For example, diseases may not intensify 
if precipitation increases only in wintertime, or if 
total precipitation increases are due to rain events 
that occur at larger intervals. In such cases, the out-
come may actually be a negative influence on the 
development of forest diseases. Therefore, in order 
to correctly assess increased disease risk caused by 
climate change, it is of high importance to accurately 
predict future precipitation pattern changes, espe-
cially changes in humidity, during the sporulation 
period of fungal pathogens. Unfortunately, current 
climate models do not give reliable estimates of the 
level of humidity at a local scale, and, therefore, it is 
unclear if diseases like Scleroderris canker or pine 
needle casts, for example, will benefit from or be 
restricted by future climate conditions.
Range shifts and increased survival in pests, 
along with reduced host resistance due to drought 
stress, could have serious worldwide consequences 
for the health, productivity, and ecosystem services 
obtained from forests.
7.2.2 Invasive Species in a Changing 
Environment
Climate change may also create environmental con-
ditions conducive to the establishment of invasive 
species (Ayres and Lombardero 2000, Walther et al. 
2002, Buffo et al. 2007, Regniere et al. 2009). Some 
invasive species (including plants, fungi, animals, 
and microbes) have profound effects on the structure 
and function of forest ecosystems around the world. 
They can negatively affect tree growth, vigour, and 
survival; the yield and quality of plant products; and 
forest habitat, recreation, aesthetics, and cultural val-
ues (FAO 2009). They can also limit reforestation 
programs, cause the commercial abandonment of 
certain tree species, and may make it necessary to 
cut large areas of infested trees (FAO 2009).
Invasive species are often characterised by high 
population growth rates, high reproductive capaci-
ties, short lifecycles, high dispersal rates, and effi-
cient utilisation of environmental resources (Orians 
1986). It is these traits – combined with a lack of na-
tive predators, pathogens, or competitors in the new 
habitat – that allow invasives to prosper in new habi-
tats, often out-competing native species for resources 
and reducing the richness, evenness, and diversity 
of invaded communities (Harrod 2001, Collier et al. 
2002, Hejda et al. 2009).
However, not all introductions turn into bio-ca-
tastrophes. Once into a novel environment, a species 
may be unsuccessful and disappear, or it may sur-
vive and continue to persist at a low, endemic level, 
achieving a “natural balance” maintained by local 
predators and parasitoids that adapt to the newcomer. 
The availability of an introduced pest in the new land 
of the hosts assists in the establishment of the insects 
and diseases that associate with them. This is the case 
of the successful establishment of the bark beetle 
Tomicus piniperda Linnaeus into North America onto 
populations of its natural host, the Scotch pine (Pinus 
sylvestris Linnaeus) (Niemela and Mattson 1996), 
which is itself an introduced species.
The spread of invasives appears to be increas-
ing globally. This is most likely due to increased 
travel and globalisation of trade, which facilitates the 
movement of alien species to new habitats – whether 
intentionally (e.g., ornamental plants, domestic pets) 
or unintentionally (e.g., insect pests in wood packag-
ing). The increasing extent of disturbances caused 
by changing land-use patterns (e.g., the exploiting 
of natural forests, creation of roads, and conversion 
of forests to agricultural land) also plays a role in 
the vulnerability of ecosystems to invasion. These 
disturbances can create a sudden abundance of re-
sources (e.g., light, soil nutrients, and space), remove 
native species, and facilitate the movement of exotics 
(Parendes and Jones 2000, Lugo and Helmer 2004, 
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Dothistroma needle blight caused by the fungus 
Dothistroma septosporum (Dorog) Morelet is a ma-
jor pest of pine plantations in the southern hemi-
sphere, where both the host and the pathogen have 
been introduced (Gibson 1974). In northern temper-
ate forests, where the pest and host trees are native, 
damage levels have historically been low. However, 
Dothistroma needle blight is currently causing ex-
tensive defoliation and mortality in plantations of 
lodgepole pine in northwestern British Columbia 
(BC), Canada. The severity of this epidemic is such 
that mature lodgepole pine trees in the area are dy-
ing, which is an unprecedented occurrence (Woods 
et al. 2005).
The epidemiology of Dothistroma needle blight 
has been well studied (Gadgil 1967, Peterson 1967), 
and the environmental conditions that favour the 
disease are well known. Elevated summer precipita-
tion combined with increased overnight minimum 
temperatures and warm rain events have been as-
sociated with past outbreaks of Dothistroma needle 
blight (Peterson 1973, Gibson 1974), and have been 
clearly associated with the current epidemic in BC 
(Woods et al. 2005).
Climate change studies that have considered 
pathogens tend to look at how the impacts of 
drought and associated stress on host organisms 
(plants) have affected fungal pathogens (Brasier 
1996, Lonsdale and Gibbs 1996). Drought stress 
has not been a factor in northwestern BC, and tem-
perature and moisture conditions for lodgepole pine 
populations in the northwest should have become 
more favourable, resulting in possibly improved 
growth performance (Rehfeldt et al. 1999, Nigh et 
al. 2004). However, the increase in summer precipi-
tation has instead favoured the development of a 
foliar pathogen that has far outweighed any benefits 
the improved environmental conditions may have 
had on tree growth.
The current Dothistroma needle blight epi-
demic in northwestern British Columbia is not an 
example of an ecosystem out of control. The natural 
ecosystem in this region is diverse, resilient, and 
adaptable, and is possibly as well-equipped as any 
forest ecosystem to cope with the effects of climate 
change. For the past three decades, however, forest 
managers in northwestern BC have attempted to 
grow a managed forest dominated by two species: 
lodgepole pine, Pinus contorta Dougl. and spruce, 
Picea glauca (Moench) Voss (Woods 2003). They 
did so because they sought to improve upon both 
the timber productivity and the lack of management 
predictability associated with the naturally diverse 
forests of the region (Woods 2003). The Dothis-
Box 7.1 Lessons from a Dothistroma needle blight epidemic in northwestern British 
Columbia, Canada
Figure 7.1 Map of British Columbia, Canada showing (a) percent increase in mean summer 
precipitation during the period of the current epidemic initiation (1998–2002) over the cli-
mate normal of 1961–1990, and (b) photographic examples of severe Dothistroma needle 
blight infestations showing failed plantations in the Kispiox District, and (c) dying mature 
lodgepole pine trees. *MSP = mean summer precipitation. (Woods et al. 2005).
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McDonald et al. 2008).
Climate change may play an important role in 
facilitating species invasions by creating opportu-
nities for invasive species to become established in 
new areas as they become climatically suitable, and 
by stressing some native plant species, thus making 
them more susceptible to pathogen infection, insect 
attack, and vegetative competition. Thus, given cur-
rent global trends, invasive species should be con-
sidered an important component of global change 
scenarios, guiding forest and pest management plans 
– as their potential to impact forest ecosystems is 
significant.
7.2.3 Pollutants and Forest Health
Atmospheric and soil pollution are recognised as 
hazards to the health of trees in both urban and for-
est environments. These human-caused disturbances 
affect forests at a scale that is far from natural (Bor-
mann 1985, Mattson, 1996). Because they often oc-
cur long after an ecosystem has become established, 
the system lacks the resiliency needed to adapt to 
these disturbances. Increased pollutants in the envi-
ronment may cause severe shifts in the established 
balance of pest-host relationships; the ecosystem 
may not be able to adjust to the rapidity or sever-
ity of these shifts. Pollutants affect CO
2
 concentra-
tions in the atmosphere, nitrogen cycles in the soils, 
stratospheric ozone, and ambient temperatures, all of 
which reduce tree vigour and increases their suscep-
tibility to insect and diseases. Haack (1996) reported 
evidence of increased activity of lepidopteran larvae, 
gypsy moths, borers, and phloem-feeding beetles in 
oak-hickory forests that corresponded to increases in 
troma needle blight epidemic has demonstrated how 
such forest management goals can be upset by even 
minor changes in climate and the associated effects 
on forest health. The increase in summer precipi-
tation that has occurred is not extreme, but it has, 
perhaps, been enough to pass a biological thresh-
old that had previously kept Dothistroma needle 
blight in check. This disease epidemic illustrates 
our inability to control what was believed to be a 
predictable forest management model. It is exactly 
this lack of control in light of climate change that 
we must learn from. Such overly simplistic man-
agement intentions have shaped landscapes and 
ecosystems for human values around the world, 
often leading to similar unforeseen consequences 
(Kareiva et al. 2007).
We must now recognise that through global 
warming, our human footprint has been firmly 
set around the world (Hansen et al. 2005). The 
Dothistroma needle blight epidemic in northwest-
ern BC illustrates how even a small change in the 
weather of a resilient natural territory can disrupt 
forest management plans, particularly if those plans 
have failed to integrate the inherent natural wealth 
of the area. Forest management must embrace the 
new reality of uncertainty associated with climate 
change and its direct and indirect effects. When 
faced with such uncertainty, the best option is to 
build on the natural diversity that already exists 
within forests and facilitate the migration of species 
that may be better adapted to cope with the future 
(Millar et al. 2007).
soil acidity purportedly due to pollutants. The topic 
of pollutants and forest health is treated in a separate 
chapter of this book.
7.3 Monitoring Forest Health 
in a Changing Environment
Parties to international agreements, such as the Mon-
tréal Process (Montréal Process 2009), have agreed 
upon a set of criteria and indicators for the conserva-
tion and sustainable management of forests. Criterion 
3 of the Montréal Process recognises that mainte-
nance of forest health and vitality is the foundation 
of sustainable forest management, and establishes 
indicators for the measurement of this criterion. 
The indicators are the Area and Percent of forest 
affected by biotic and abiotic processes and agents 
beyond reference conditions. Signatory countries 
have agreed on timely reporting of the state of their 
forests using these criteria. Some of the challenges 
in applying these criteria are discussed below.
Long-term records are required to determine if 
the agents are operating beyond the reference con-
ditions, i.e., beyond the range of historic variation. 
Past history serves as a useful baseline to help in 
measuring alterations in tree and pest distributions 
that expose forests to new or enhanced pressures 
from pests.
Direct methods of forest health assessment are 
based on quantifiable measures, such as levels of tree 
mortality, crown vigour (defoliation, discoloration, 
leaf necrosis, crown density, foliage transparency), 
and tree growth (tree rings, size of basal area, shoot 
growth or dieback) (Hall 1995, Campbell and Liegel 
1996, Wermann 1997). These direct methods will 
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Yellow-cedar (Chamaecyparis nootkatensis (D. 
Don) Spach) is a culturally and economically valu-
able tree that has been dying in over 200 000 ha of 
pristine forests for the past 100 years in southeast 
Alaska, USA, and nearby British Columbia, Canada 
(Hennon et al. 2008). Over 20 years of research has 
revealed a condition termed “yellow-cedar decline” 
as a leading example of widespread tree mortality 
caused by climate change. Yellow cedar decline is 
characterised by trees experiencing slow decline 
in vigour over several years, ultimately resulting 
in the death of the tree.
Paleoecology and dendrochronology indicate 
that yellow-cedar probably survived the Pleistocene 
and early Holocene in small Alaskan refugia and 
began active migration about 4000 years ago when 
the climate shifted to a cool and wet regime, and 
increased its abundance at lower elevations during 
the Little Ice Age (Beier et al. 2008, Hennon et 
al. 2008). Reconstruction of yellow-cedar popula-
tion changes is possible because dead trees remain 
standing for about 100 years. From these recon-
structions, it has been established that the onset of 
yellow-cedar decline began in about 1880 (Hennon 
et al. 1990) – a date that roughly coincides with the 
end of the Little Ice Age.
After evaluating a number of abiotic and biotic 
risk factors associated with yellow-cedar decline, a 
working hypothesis was developed around a cascad-
ing complex of landscape- and site-specific factors, 
and to a physiological vulnerability of yellow-cedar: 
the susceptibility of its fine roots to spring freezing 
injury (Schaberg et al. 2008).
Long-term climate or short-term weather events 
influence each of the landscape and site factors that 
predispose yellow-cedar to this freezing injury. The 
cool, moist climate that developed in the late Holo-
cene created bog and forested wetland conditions 
that favoured the abundance of yellow-cedar, but 
also forced shallow rooting (D’Amore and Hen-
non 2006, D’Amore et al. 2009). The open canopy 
condition on boggy soils makes these open forests 
more susceptible to more extreme microclimates, 
in particular to rapid warming, which triggers cedar 
dehardening in late winter (Schaberg et al. 2005) 
and to cold temperature penetration into soils dur-
ing cold weather in spring (D’Amore and Hennon 
2006). Research on cold tolerance of yellow-cedar 
roots in early spring demonstrated that soil tem-
peratures below –5˚C are lethal (Schaberg et al. 
2008).
The presence of snow buffers soil temperatures, 
disrupting the progression of events leading to tree 
Box 7.2 Climate change effects on the decline of yellow-cedar
injury. Analysis of weather station data confirms a 
trend towards warmer winters and reduced snow, but 
persistent early spring freezing events throughout the 
1900s; these are all conditions necessary for yellow-
cedar decline (Beier et al. 2008). Comparing snow 
models to the distribution of yellow-cedar decline 
further illustrates the controlling influence of snow 
in the health of yellow-cedar forests (Hennon et al. 
2008). Yellow-cedar is healthy where snow persists 
past the last cold period in spring, or where yellow-
cedar is deep-rooted on better drained soils.
Recommendations for the conservation or ac-
tive management of yellow-cedar are based on 
current and future habitat suitability of this tree in 
the context of its vulnerability to climate condi-
tions. Partitioning of the landscape into suitable 
and unsuitable areas is based on information from 
yellow-cedar decline surveys, yellow-cedar habitat 
modelling from inventory plots, and climate and 
snow forecasting (Hennon et al. 2008). This helps 
to expose key habitat features in which yellow-cedar 
is dying, stable, and regenerating – an approach 
consistent with the shifting bioclimatic envelope 
concept (Hamann and Wang 2006).
Planting or thinning is often needed to ensure 
the initial regeneration and competitive status of 
Photo 7.3 Intensive yellow-cedar decline in Alas-
ka.
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continue to be useful for monitoring forest health 
as climate pressure mounts.
Indirect methods of forest health assessment 
have been used in the past. Abundance of canopy 
invertebrates is higher in mature forests that have 
not been disturbed by humans (Schowalter 1995), 
which makes them useful bioindicators of forest 
health. Hilszczanski (1997) used the diversity of 
beetles from different trophic groups as indicators 
of long-term influences of insecticide treatments on 
forest ecosystems. Populations of many songbirds 
are strongly influenced by local forest structure, 
which affects micro-habitat and availability of food 
and nesting sites. Therefore, the presence or absence 
of certain bird species can reflect forest conditions 
(Campbell and Liegel 1996). These indicators are 
specific to the successional stage of the forest as 
determined by their particular disturbance regime. In 
a changing environment, the value of these indirect 
indicators of forest health will need to be demon-
yellow-cedar; thus, there is a role for active man-
agement (Hennon et al. 2009). These activities are 
directed at higher elevation or on well-drained soils 
where snow or deeper rooting, respectively, protects 
yellow-cedar roots from lethal cold temperatures. 
Recent studies have also demonstrated that dead 
cedar forests represent a surprisingly valuable wood 
resource for salvage recovery (Hennon et al. 2007) 
because the tree’s unique heartwood chemistry re-
tains wood properties for up to a century after death 
(Kelsey et al. 2005). Salvage logging of dead cedar 
where it is now maladapted to climate can relieve 
pressure from other areas more suitable for long 
term conservation of yellow-cedar.
Yellow-cedar decline highlights the paradoxes 
and complexities that might be expected in future 
climate change-forest scenarios. The paradox of a 
freezing injury triggered by climate warming prob-
ably could not have been predicted. The complex 
interaction of climate, landscape, and site factors, 
as well as cedar’s unique physiological vulner-
ability to freezing, required time for research to 
unravel. New information on the autecology of 
yellow-cedar helped uncover its unique physiologi-
cal vulnerability. Once the cause was finally eluci-
dated, however, this new knowledge was coupled 
with recent advances in Geographic Information 
System (GIS) analysis and climate projections to 
provide managers with guidance on how to adapt 
cedar management to a changing climate.
Figure 7.2 The conservation and management strategy for yellow-cedar 
partitions in the landscape of coastal Alaska into areas that are unsuitable 
and are, or will be, suitable as the climate warms (modified from Hennon 
et al. 2008).
strated, as the populations of the biological indicators 
will respond in unpredictable ways to changes in any 
of the components of their respective food webs.
Assessment of the complex symptoms of forest 
decline caused by air pollution requires both direct 
and indirect methods, which are often sophisticated 
and intensive (Wermann 1997). For example, Bu-
torina et al. (1997) monitored the state of Russian 
and Ukrainian forests that have been subjected to 
radiation emissions by studying the cytogenetics 
of trees and assessing chromosome and mitosis ab-
normalities. Often, a particular stress causing no or 
little apparent damage will predispose the forest to be 
more susceptible to attack by insects and pathogens, 
or other kinds of environmental damage. Poor forest 
health in Alaska, including the decline of the Alaska 
yellow-cedar (Chamaecyparis nootkatensis), has 
been attributed to a combination of climate change 
and natural susceptibility to root-freezing.
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The mountain pine beetle is native to the pine for-
ests of western North America, where it normally 
exists at very low densities, infesting only weak-
ened or damaged trees. Under conditions condu-
cive to survival, populations may erupt and spread 
over extensive landscapes, causing the mortality of 
large numbers of healthy trees (Safranyik and Car-
roll 2006). While there have been four significant 
eruptions by mountain pine beetle during the past 
century in western North America (Taylor et al. 
2006), the ongoing epidemic is unprecedented in its 
size and severity – causing the mortality of mature 
pines over a cumulative area of 14 million hectares 
in western Canada (Photo 7.4), and an additional 
~4 million ha in the USA (Cain 2009).
For a mountain pine beetle outbreak to occur, 
there must be an abundance of large, mature pine 
trees (the beetle’s preferred resource) combined 
with several years of favourable weather for beetle 
survival (Safranyik and Carroll 2006). Evidence 
indicates that, as a result of anthropogenic modifi-
cations to the environment, these conditions have 
coincided over an exceptionally large proportion of 
Box 7.3 Forest management, climate change, and feedbacks: the mountain pine beetle in 
western North America
Photo 7.4 Annual area affected by the mountain pine beetle (a), and tree mortality associated 
with the current outbreak in British Columbia, Canada (b). Data courtesy of the Canadian 
Forest Service, Forest Insect and Disease Survey and the British Columbia Ministry of Forests 
and Range.
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the pine forests of western North America in recent 
decades. Taylor and Carroll (2004) showed that due 
to fire suppression and selective harvesting (for spe-
cies other than pine) during the latter half of the 
previous century, there was more than three times 
the amount of mature pine in western Canada at the 
start of the current outbreak, when compared with 
100 years earlier. Furthermore, Carroll et al. (2004) 
demonstrated that as a result of climate change, 
conditions relevant to mountain pine beetle survival 
have improved over much of western Canada dur-
ing recent decades, allowing populations to invade 
formerly climatically unsuitable pine forests. Thus, 
both conditions for an outbreak have coincided with 
sufficient magnitude to cause the largest outbreak 
in recorded history.
The current mountain pine beetle epidemic has 
resulted in extensive direct ecological and economic 
impacts, affecting wildlife habitat (Bunnell et al. 
2004), water quantity/quality (Walker and Syd-
neysmith 2008), recreational values (Sheppard 
and Picard 2006), and timber quantity (Pedersen 
2004) and quality (Byrne et al. 2006, Watson 2006). 
Recent evidence also indicates that the widespread 
tree mortality inflicted by the mountain pine bee-
7 FOREST HEALTH IN A CHANGING ENVIRONmENT
123
7 FOREST HEALTH IN A CHANGING ENVIRONmENT
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
7.4 Management of Insects 
and Diseases in a Changing 
Environment
Forest disturbances are characterised by a number of 
parameters, which include disturbance size, inten-
sity, and recurrence rate (Kohm and Franklin 1997). 
When assessing the significance of a particular forest 
insect or disease outbreak, it is of critical importance 
to compare the magnitude of the disturbance in all 
its parameters with the historical pattern, particularly 
in terms of extent, intensity, and frequency. If the 
disturbance pattern is outside the historical range of 
variation, there is a probability that forest health may 
be declining and corrective management action may 
be needed. For example, Canadian boreal ecosystems 
are healthy when fire and spruce budworm, the two 
most common disturbances in boreal forests, recur at 
their natural average intervals, magnitude, and size. 
This, of course, does not mean that economic loss 
caused by these disturbances is not important.
Many forest insects and disease outbreaks play a 
natural role in forest succession by selectively killing 
or retarding the growth of certain tree species while 
leaving others untouched (Castello et al. 1995). For 
example, in some ecosystems of the North American 
Northwest, the mountain pine beetle, Dendroctonus 
ponderosae Hopkins, by selectively killing mature 
and overmature lodgepole pine, hastens the succes-
sion from fire-origin lodgepole pine to more shade 
tolerant species, such as Douglas-fir (Heath and Al-
faro 1990) or, in combination with fire disturbance, it 
perpetuates lodgepole pine in a seral stage (Axelson 
et al. 2009). These outbreaks, while creating sub-
stantial economic loss to industry and society, when 
operating within the natural range of variation for this 
disturbance, do not necessarily reduce forest health. 
In this case, the beetle is an agent of transformation 
and, by killing off the mature, stagnant overstorey, 
allows more light and nutrients to reach the under-
storey species, which then exhibit accelerated growth 
and occupy the free space.
Management of native insects and diseases 
should concentrate on restoring ecosystem balance 
and resiliency. Understanding how the pest organism 
affects the forest can be used to develop management 
systems that prevent losses by anticipating which 
trees are more susceptible to the pest organism. In 
the case of the mountain pine beetle, economic losses 
can be reduced and forest susceptibility lowered by 
selective removal of the susceptible hosts following a 
hazard rating plan in which susceptible areas are de-
lineated (Shore and Safranyik 1992). Enhancement 
of tree vigour through thinning and fertilisation is 
known to increase tree resistance to beetle attack.
Managing native pests in a changing environ-
ment requires anticipating their interaction with their 
hosts in new environments. Many pests depend on a 
close synchrony between the phenology of the host 
and the lifecycle of the pest. The spruce budworms, 
Choristoneura spp., for example, require a precise 
synchrony between bud development and the end of 
the first instar diapause. If, due to favourable climatic 
conditions for the insect, there is an early ending of 
the first instar diapause, the young larvae will per-
ish while attempting to penetrate undeveloped buds. 
Gray (2008) modelled the future distribution of the 
spruce budworm in Canada under different future 
climate scenarios.
Because of the several tactics that are available, 
management of native defoliators requires an inte-
grated approach. Forests should be intervened to 
reduce the susceptible host (to mimic natural pro-
cesses, prescribed burning may be recommended). 
Pheromone monitoring and hazard rating should be 
practised to warn of impending outbreaks and to al-
low orderly salvage of timber at risk. Direct control 
through application of biocontrol agents (the use of 
parasitoids, bacteria, viruses, or fungi) are now rou-
tle may also have significant longer-term impacts 
to regional carbon dynamics. Indeed, the loss of 
carbon uptake and the increased emissions from 
decaying trees as a result of the mountain pine bee-
tle epidemic has converted the forests of western 
Canada from a small net carbon sink into a large 
net carbon source to the atmosphere (Kurz et al. 
2008). In fact, during 2009, it is anticipated that 
carbon emissions to the atmosphere will be similar 
in magnitude to the average annual direct emis-
sions from forest fires for all of Canada. Moreover, 
through reductions to net primary productivity and 
increases in heterotrophic respiration, beetle im-
pacts have negated any potential gains in carbon 
sequestration associated with climate warming, el-
evated atmospheric CO
2
 concentrations, and nitro-
gen deposition (Kurz et al. 2008). Exacerbation of 
insect outbreaks through anthropogenic intrusions, 
such as has occurred with the mountain pine beetle, 
could undermine the ability of northern forests to 
take up and store atmospheric carbon. Resultant 
increases in atmospheric carbon could further in-
crease warming and accompanying insect outbreaks 
thereby leading to positive feedbacks to the global 
climate system.
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Several forest diseases have been newly discovered 
during the 20th century as they have rapidly reached 
epidemic levels in northern Europe. Here we discuss 
the case of Dothistroma septosporum (Dorog) Mo-
relet on pines, and of Chalara fraxinea Kowalski 
on ash trees.
The fungus Dothistroma septosporum causes a 
needle disease in many species of pine trees world-
wide. During the 20th century in northern Europe, 
this fungus caused sometimes considerable dam-
age to many pines, especially to Pinus nigra J.F. 
Arnold. Another European species, Pinus sylvestris 
Linnaeus, was usually free of symptoms, even when 
growing next to heavily infested P. nigra.
Historically, the disease has been absent in Fin-
land and Estonia, but in 2006, the long time balance 
between pine trees and D. septosporum in Europe 
was suddenly broken, and this fungus was first ob-
served in Estonia (Hanso and Drenkhan 2008) on 
both P. nigra and P. sylvestris. Initially, the disease 
had a sporadic distribution area, as it was observed 
in only a few locations. However, by summer 2007, 
the disease had spread rapidly over the whole of Es-
tonia, becoming an epidemic. By 2008, D. septospo-
rum was found for the first time in Finland (Müller 
et al. 2009), where P. sylvestris is the dominating 
pine species, becoming common, especially in the 
central region of the country. By summer 2009, the 
situation was similar or the level of the epidemic 
was slightly decreasing.
D. septosporum has spread rapidly through 
northern Europe during the last few years, geo-
graphically and among hosts. Previously almost-
resistant P. sylvetris trees are now frequently carry-
ing the disease not only in Estonia and Finland, but 
also in some central European countries, including 
the Czech Republic.
A new disease also began to affect ash trees 
(Fraxinus excelsior Linnaeus) in the 1990s in Po-
land and Lithuania (Juodvalkis and Vasiliauskas 
2002, Przybył 2002). After the first observations, 
this disease has rapidly moved towards the rest of 
Europe (Cech 2006, Schumacher et al. 2007, Thom-
sen et al. 2007, Halmschlager and Kirisits 2008), 
reaching Finland and Norway in 2007. The symp-
toms of this disease are highly variable, but in the 
end most ash trees die.
Box 7.4 New forest epidemics in northern Europe
This new disease has recently been shown to 
be caused by the fungal pathogen, Chalara frax-
inea (Kowalski 2006, Kowalski and Holdenrieder 
2008), which was not known before the epidemic 
began. The spreading nature of the disease from 
Eastern Europe in all directions where ash trees 
grow, suggested that the disease would have been 
caused by an alien fungus introduced recently to 
Europe. However, this conclusion was contradic-
tory to the observation that the teleomorph of C. 
fraxinea actually is Hymenoscyphus albidus (Rob. 
ex. Desm.)W. Phillips, a fungus known to have al-
ready occurred in Europe centuries ago (Kowalski 
and Holdenrieder 2009).
Could there be a common explanation for the 
observations described above? We hypothesise that 
the increased virulence of these diseases is caused 
by changes in plant-pathogen interactions, which 
could be due to two possibilities: (i) an environ-
mental change, or (ii) some kind of genetic change 
in the fungus.
Causes of environmental change could include 
climate warming or changes in forest manage-
ment. Changes in forest management can be ruled 
out since none have occurred throughout northern 
Europe in the last decades. While the weather in 
Europe has rapidly warmed during the last few de-
cades, attributing the spread of these diseases to 
climate change seems premature. Global warming 
would nicely explain the spread of both pathogens 
toward the north. However, it seems unlikely that 
warming would also explain the host range changes 
of D. septosporum, or the spread of ash decline 
towards the south.
Possible genetic changes could include: patho-
genicity-affecting mutations, introduction of new 
or more pathogenic races to Europe, or even fungal 
hybridisations; but there is no hard evidence sup-
porting any of these possibilities.
As a conclusion, the increased pathogenicity of 
D. septosporum and C. fraxinea in northernmost 
Europe highlights the difficulties in understanding 
the causes of pathogen spread or altered behaviour. 
Both diseases were initially associated with climate 
change, but since new data has appeared, this view 
has turned out to be too simplistic. It may turn out 
to be that the changes result from several unrelated 
causes, of which warmer weather is only one.
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tinely recommended when available (e.g., Shamoun 
et al. 2003). Similarly, in Europe, the incidence root 
and butt pathogen, Heterobasidion annosum, which 
increased with the adoption of summer harvesting 
in northern conifer forests, was addressed by devel-
oping a biocontrol based on a competing fungus, 
Phlebiopsis gigantea (Fr.) J (Risbeth 1963, Korhonen 
et al. 1994, Pratt et al. 2000).
An Integrated Pest Management System is recom-
mended for the management of the white pine weevil 
(Pissodes strobi Peck), a severe pest of reforestation 
(Alfaro et al. 1995). However, the tactics depend on 
the weevil hazard rating of the area, which is based 
on a determination of the potential degree-day ac-
cumulation for the site. Other strategies included in 
this approach aim at restoring ecosystem balance by 
reducing the conditions that lead to the development 
of an outbreak. The system recommends treatments 
that diminish heat accumulation in the stand by en-
couraging growth of suitable non-host conifers as 
well as an overstorey of deciduous species, such as 
aspen or alder. These conditions may also enhance 
natural enemy populations (Altieri 1994).
In anticipation of future climate change, forests 
will have a higher chance of remaining healthy if 
they have high genetic variability so that adapta-
tion to a changing environment is more likely. Thus, 
managing the ecosystems of the future requires pro-
active conservation of genetic resources to secure a 
sound genetic base for pest resistance. Host genetic 
resistance is useful in the management of native in-
sects and diseases because it can be easily integrated 
with other control methods, particularly those based 
on silviculture (Hunt 1983a, b; Alfaro et al, 2008, 
King and Alfaro 2009). Kemp and Palmberg-Lerche 
(1994) recommended conserving the widest possible 
range of provenances, giving particular emphasis to 
sampling the extremes of the species distribution.
7.4.1 Management of Introduced Pests
The introduction of non-indigenous species can re-
sult in catastrophic changes to forests because local 
trees lack naturally co-evolved defences to the invad-
ing organism, and because ecosystems do not have 
the biocontrollers (parasitoids and predators) that 
keep them in check in their native lands. This applies 
to species that are introduced from other continents 
as well as species within a country that expand their 
range due to changing environmental conditions or 
human activity.
Because of mounting criticism of the use of 
chemicals in pest control, resulting in increased 
public concern and the banning of pesticides, there 
is renewed interest in classical biological control, i.e., 
the importation of the parasites and predators that 
regulate the pest in its place of origin. The intent is to 
increase ecosystem resiliency rather than eradication 
of the pest (Clausen 1978, Caltagirone 1981). The 
literature has many examples of biological control 
programs against invasive pests. Selected examples 
include the case of the pine shoot moth, Rhyacionia 
buoliana Schiff. in Chile, (Lanfranco 1994), the bio-
control attempts on Reunion Island against invasion 
by exotic weeds, and the attempts by Asian countries 
to control the introduced Leucaena psyllid (Banpot 
1995).
The best option for controlling potential damage 
by invasive species is prevention. In 2009, the Food 
and Agricultural Organization of the United Nations 
(FAO) -based Interim Commission on Phytosanitary 
Measures revised a global standard for the regulation 
of wood packaging material in international trade. 
Under these measures, the international community 
has agreed on a variety of practices and regulations 
aimed at preventing the accidental transport of for-
eign species into new habitats (FAO 2009). Chile has 
proposed a novel approach (Lanfranco et al. 2002) 
in which purchasers of forest goods from Chile are 
made aware of the potentially invasive pests that 
could hitch a ride in their exported commodities. This 
“coming out clean” approach makes the prevention 
of insect and disease introduction a two-way street in 
which the exporter and importer take responsibility 
to prevent the spread of invasive species.
Once established, the eradication of an alien spe-
cies is often difficult. Agencies in charge of eradica-
tion often enter into jurisdiction and public opinion 
battles that make effective eradication difficult. 
Nealis (2009) analysed the case of the introduced 
gypsy moth Lymantria dispar Linnaeus in Canada, 
and concluded that for effective eradication there 
is a need for improved dialogue between scientists 
and the public, including effective communication 
about the risk posed by the invading organism if it 
is not eradicated.
However, in a changing environment, existing 
bio-control programs, which have been successful 
in keeping introduced pests in check, may need to be 
reconsidered under the conditions created by future 
climate change. New climatic conditions and eco-
system migration will alter the balance of all trophic 
levels associated with pest-host systems.
Increased international trade will inevitably result 
in increased risk of introductions of foreign organ-
isms. Some of these may not be considered pests in 
their place of origin, but may attain pest status in a 
different environment. Introductions can be regulated 
at the level of the organism, or restrictions can be 
imposed upon the vector or the host, or the means 
by which the introduction might occur. Since trade 
goods cannot always remain in quarantine while risk 
assessments are made, admission decisions are often 
made with little biological knowledge of the potential 
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Rhyacionia buoliana (Schiff.) was the first seri-
ous exotic forest pest to affect Chile’s extensive 
Pinus radiata D. Don. plantations. Right from the 
introduction, it presented densities, dispersions, 
and damage never seen before in other parts of the 
world (Cerda et al. 1985, Ide and Lanfranco 1996a, 
b). Within a few years, the pest was established in 
the entire distribution area of pine in the central-
south regions of Chile, affecting approximately 
2 million ha of plantations, and triggering pest 
management actions that included within-country 
quarantine areas, and chemical and biological con-
trol. Given the ineffectiveness and harmful effects 
of chemical control, the biological control option 
was favoured, which focused on the introduction of 
natural insect enemies. Basic and applied research 
was conducted to mass-rear and release Orgilus 
obscurator (Nees) (Hym.: Braconidae), a parasi-
toid of R. buoliana native to Europe. The objective 
was to use the biological control agent along with 
silviculture measures to minimise losses in height, 
diameter, and volume by decreasing pest popula-
tion densities and levels of infestation. However, 
after 20 years, it is clear that the biological control 
is currently not functioning well in all the regions 
where it was implemented (Table 7.1).
In the areas with major concentration of pine 
plantations (Bío Bío Region) and to the north, levels 
of control are significantly lower than in areas to the 
south, particularly on poor sites. In spite of the large 
amount of mated females released and parasitised 
larvae inoculated in northern regions, the control 
percentages are not always acceptable (Table 7.1). 
This is not the case south of the Bio Bio Region, 
in La Araucanía and Los Ríos, where control was 
so effective that presently it is difficult to find the 
pest. Because of a marked north-south gradient of 
climatic conditions in the areas planted with pine, 
with the northern areas hot and arid, and temper-
ate and humid climatic conditions in the south, we 
hypothesise that O. obscurator response may not be 
the same under changing environmental conditions. 
This could be due to climate-related variation in the 
multi-trophic interaction between tree, pest, the bio-
control agent, and the natural enemies of the biocon-
troller. One factor that could influence the success of 
O. obscurator as a biocontroller is the fact that, since 
introduction, several native parasitoids are also at-
tacking R. buoliana, and hyperparasitoids are para-
sitising O. obscurator. These include Perilampus 
tristis (Mayr) (Hym.: Perilampidae) and Temelucha 
sp. (Foerster) (Hym.: Ichneumonidae). P. tristis is 
an exotic parasitoid, whose date of introduction to 
Chile is unknown and its function in the parasitoid 
complex is unclear. Temelucha sp. an endoparasi-
toid koinobiont of Rhyaciona buoliana, is the main 
competitive species of O. obscurator. Additionally, 
records of superparasitism and multiparasitism have 
been detected in both species. Temelucha was de-
tected from the start of the biological control effort 
in Chile, but only in 2000 was the interference with 
the biocontroller noted. (Lanfranco et al. 1994, Lan-
franco et al. 1998, Ide et al. 2007).
Impending climate change will have a profound 
effect in Chile, causing the migration of Chilean 
ecosystems in manners that have not yet been antici-
pated. Likely, northern areas will become unsuitable 
for pine plantations due to increases in aridity, while 
Table 7.1 Effectiveness of biological control of Rhyaciona buoliana by Orgilus obscurator in a 
north-south gradient of ecoclimatic regions of Chile. % indicates the percent of R. buoliana 
parasitised by O. obscurator in the first (1998) and last (2006) year of survey.
Region Latitude range Mean temp. ºC Annual 1998 2006
South   precipitation % %
   (mm)
O’Higgins 33º52’– 34º58’ 14.7 562.8 0 56
Maule 34º58’–36º32’ 14.8 942.8 1.5 68
Bío Bío 36º32’–38º29’ 12.4 1008.2 3.38 42
Araucanía 38º29’–39º17’ 12.0 1624.8 38.89 90
Los Ríos 39º17’–40º40’ 11.8 2348.7 50.75 Host no longer
     detectable
Difference 6 º48’ 2.9 1785.9
Sources: Lanfranco and Ide 1998, Lanfranco and Ide 2000, CONAF 2006.
Box 7.5 Biological control of the invasive pine shoot moth, Rhyaciona buoliana, in changing 
Chilean environments
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dangers. Hence the approach of “guilty until proven 
innocent” has been adopted. Ruesink et al. (1995) 
recommend that evaluators should include ecologists, 
evolutionary biologists, and conservationists to better 
assess community consequences, possible genetic 
change (host shifts), and threatened species.
7.5 Decision Support Systems 
for Forest Health in 
a Changing Environment
Decision makers need Decision Support Systems 
(DSS) to forecast the risk of ecosystem change un-
der varying scenarios of future climate conditions. 
By necessity, such systems will be complex because 
they need to operate at different spatial scales (from 
stand to landscape) and at temporal scales of many 
decades. The ultimate goal would be to forecast the 
social and economic cost to society of increased pest 
activity in terms of impacts on timber supply, as 
well as in terms of the value of the environmental 
services expected from the forests of the future. In 
other words, a decision maker would like to know 
what will be the social and economic costs of main-
taining a healthy, well-adapted forest under diverse 
climate change scenarios. A well-adapted forest is 
one that continues to produce goods and services in 
a changing climate. The information needs for DSS 
in a changing environment are quite large. There is 
a need to increase our understanding of what will 
be the expected changes in forest vulnerability to 
insects and diseases, as well as how the expected 
changes will affect the biology of pest organisms 
in terms of disturbance duration and intensity. Pest 
disturbance is one of the main drivers of ecosystem 
change. There are several components or stages that 
such DSS systems should have in order to be useful 
to policy makers:
1) Forecasting the risk of ecosystem change under 
future climate scenarios. This requires analytical 
systems capable of anticipating the risk of ecosys-
tem change in terms of potential for ecosystem 
migration, changes in species composition, and 
potential forest health problems in the new en-
vironment. Each risk category is prioritised and 
the likelihood of each risk occurring evaluated. 
Hamann and Wang (2006) developed an ecosys-
tem-based climate envelope modelling approach 
to assess potential climate change impacts on 
forest ecosystems and tree species. The system 
predicts current and future niches for various tree 
species of British Columbia, Canada. Using this 
model, Hamann and Wang (2006) predict that 
the most important species of British Columbia 
will lose significant proportions of their suitable 
habitat. Murdock and Flower (2009) projected the 
future geographic range of some of the conifer 
species of British Columbia under the various cli-
mate scenarios and overlapped those ranges with 
climatic suitability maps for the most significant 
insect pests affecting these species. In this manner, 
Murdock and Flower (2009) could identify areas 
of the future ranges for the tree species that were 
at high or low risk of pest infestation.
2) Establishing the desired condition of future land-
scapes. After stage 1, there is a need to decide 
what composition the future landscape should 
have or is capable of having in a changing envi-
ronment. This is a goal-setting stage where the 
timber and non-timber products and ecosystem 
services desired from the changing landscape are 
set.
3) Simulating the effects of alternative forest and pest 
management options and their effects on future 
landscape characteristics, and comparison with 
the goals set for the particular landscape. Forest 
health management options for controlling new 
insect pests and diseases need to be analysed for 
their social, economic, and environmental costs 
and benefits. This part of the analysis will be 
recurrent because decision makers will need to 
balance the social and economic cost-benefit of 
each action.
the best pine-growing areas will move further to the 
south. Insects respond quickly to changes in climat-
ic conditions. Primary pests, such as R. buoliana, 
will most likely follow the future distribution of 
their hosts (Hance et al. 2007). However, it is harder 
to predict the response of members of other trophic 
levels, such as competitive parasitoids and hyper-
parasitoids, which will have more unpredictable 
variations in response to changes in climate. Thus, 
climate change may create conditions in which the 
present biocontrol system based on O. obscurator 
may lose its efficacy in areas where presently it is 
performing well.
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7.6 Conclusions: 
New Paradigms Needed to 
Maintain Healthy Forests in 
a Changing Environment
Maintenance of a healthy forest is intimately con-
nected with the concept of sustainable forest manage-
ment (SFM). SFM must be viewed as an ecological 
approach to achieve multiple uses of forests by blend-
ing the needs of the people that derive their livelihood 
from the forest with the all-encompassing needs of 
world societies for environmental services, such as 
biodiversity conservation, water regulation, and car-
bon sequestration. Thus, SFM is meant to preserve 
biodiversity and to mimic natural processes so that 
ecosystem integrity is maintained at the landscape 
level. At the same time, it is meant to be responsive 
to the broad range of social values in a way that is 
equitable to both urban and rural resource-dependent 
communities.
SFM recognises that an ecosystem is healthy 
when all the natural disturbances that act on a for-
est ecosystem are operating within their historical 
range of variation. The challenge for SFM in a chang-
ing environment is to determine how future climatic 
conditions will affect the disturbance regimes of the 
landscape.
There are a number of initiatives that could help to 
maintain forest health under future changes of the 
world´s climatic regimes:
Managing for complexity
Faced with climate uncertainty, an extremely impor-
tant role for forest decision makers will be to favour 
management approaches that encourage and sustain 
ecosystem complexity. Ecosystems that are variable 
in age and species structure, as well as genetically 
diverse, have the best chance of adapting to a chang-
ing climate.
Genetic resistance to pests is one of the favoured 
methods of pest control because it offers a durable 
form of pest management that does not rely on chem-
ical pesticides. The large tree genetic improvement 
work completed in British Columbia, Canada, to find, 
propagate, and utilise tree resistance in pest manage-
ment against the white pine weevil (summarised by 
King and Alfaro 2009) disclosed that resistant geno-
types were found most commonly at the edge of the 
species distribution. Unfortunately, these areas are 
the most threatened by climate change. Therefore, 
in order to save potentially valuable genotypes for 
use in reforestation efforts to create forests adapted 
to future conditions, gene conservation programs 
should prioritise these areas.
Role of governments and universities
Research efforts should be maintained and directed 
to mitigate future forest health problems in the new 
environments. A changing environment may require 
that new solutions be found for forest health prob-
lems that may presently be considered solved. The 
biological control of the pine shoot moth, Rhyacio-
nia buoliana Schiff. in Chile is working effectively 
in some ecosystems. However, migration of these 
ecosystems may create imbalances in the parasitoid 
complex, which may destabilize the system.
Risk analysis and decision support systems
The procedures of risk management, already imple-
mented in industry (e.g., financial institutions) since 
the early 1970s (Crouhy et al. 2001), provide a useful 
framework for building Decision Support Systems to 
help decision makers maintain forests that are more 
adaptable to a changing environment. Such systems 
will need to identify the risks of change in various 
ecosystem components and build future scenarios 
assuming different likelihoods of risk occurrence. 
The consequences for society of each risk occurring 
will need to be estimated and evaluated considering 
economic and environmental values.
Climate mitigation through forest health 
management
Large scale tree mortality, accompanied by severe 
forest degradation caused by pests (i.e., following an 
outbreak, land often becomes hard to regenerate, or 
regeneration may have poor health), becomes a driv-
er of climate change because dead trees eventually 
release stored carbon into the atmosphere through 
decomposition, further aggravating the problem. Pest 
management, by reducing tree mortality and tree 
growth loss, can contribute to the mitigation of the 
effects of climate change. Maintaining a healthy for-
est helps ensure that CO
2
 bound up in forests remains 
sequestered, a most important environmental service 
from forests in an era of global climate change.
Helping forests to adapt
Forest adaptation to future conditions will occur 
naturally as major forest species are driven from 
their current geographic distribution and gradually 
settle into their new habitats as the habitats become 
suitable (e.g., they meet the degree-day requirements 
for survival). This process of colonisation of new 
habitats has occurred in the past history of the planet 
and will result in other components of the ecosys-
tems, including the pest organisms, moving along 
with their host trees.
The concept of assisted migration is being con-
sidered as a way of helping ecosystems to adapt 
(McLachlan et al. 2006). This implies determining 
the locations where future ecosystems will reside 
following gradual climate change and moving north 
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(in the northern hemisphere) plant species or variet-
ies adapted to more southern conditions. It will be 
important to look ahead and determine what forest 
pest problems could move from old bio-ecological 
zones to the new areas. For example, as the boreal 
ecosystems become sub-boreal, will sub-boreal pests 
adapt to the boreal species?
International efforts to control invasive species
Invasive species will continue to be a threat to forest 
health worldwide and an important driver of forest 
change. Prevention of forest destruction by invasive 
pests also has a role in climate change mitigation. 
Keeping forest pests with potential to cause forest 
degradation out of a country requires international 
agreements, regulations, and point-of-entry inspec-
tions.
Given the increased movement of goods in inter-
national trade and increased global development, the 
control of many forest pests and pathogens will prove 
to be a challenging balance between controlling and 
preventing the spread of these invasives without un-
necessarily restricting trade or development. In order 
to minimise the risks and impacts of invasive species 
on forest health, forests should be managed and exist-
ing regulations enforced to prevent their introduction, 
establishment, and spread.
Effective management of invasives requires 
comprehensive knowledge about a wide range of 
organisms, their biology, ecology, distribution, their 
impacts on forest ecosystems, and possible methods 
of control (FAO 2009). Identifying the pathways by 
which these organisms spread is especially important 
since once established, eradication can be difficult 
due to the extent of the problem, associated expenses, 
and conflicts with public agencies over eradication 
methods (such as the use of pesticides) (e.g., Nealis 
2009). There are many research needs aimed at the 
prevention of introduction and pest detection, as well 
as control options for organisms that slip through 
the cracks.
Forest invasives are an international problem, so 
a solution requires cooperation, knowledge-sharing, 
and coordination of pest management activities 
among countries (FAO 2009). This is especially 
relevant to developing countries, where there is 
currently less knowledge about invasive species and 
fewer resources available to address this problem. 
Independent bodies, such as the Technical Panel on 
Forest Quarantine and the International Forest Quar-
antine Research Group, are helping to address these 
gaps in the knowledge base by focusing research 
where it is most needed.
Similar efforts in international regulations will be 
required for effective reduction of pollution impacts 
across international boundaries, involving public and 
private sector organisations to secure enforceable 
agreements on emission reductions.
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Abstract: In this chapter, the major global trends in the trade of forest products are 
briefly reviewed, followed by an analysis of foreign direct investment in forest industries. 
We then analyse the growth and structure of timberland investments. The driving forces 
of changes are identified and investigated. Trade liberalisation and a shift in consumption 
initially induce the change in supply of wood and wood-based products, and capacity 
investment growth from Europe and North America to Asia and Latin America. The 
reallocation of the forest industry’s production capacity is associated with the role of 
mergers and acquisitions, leading to increased foreign direct investment in the forest 
industry beginning in the 1990s. The changing face of forestry and the global market 
for wood products are coupled with timberland investment as a form of joint response 
to changing economies, markets, land values, technologies, and public policies. A few 
boxes highlight specific local issues, including non-wood forest products and trade, 
forestry investment as a local case in China, market perspectives of bio-economy from 
forestry in the case of Ontario Canada, and the growing importance of corporate 
responsibility in forest-based industries in response to greater environmental aware-
ness of consumers.
Keywords: foreign direct investment, timberland, wood products, international trade, 
globalisation
■
GLOBAL SOCIO-ECONOMIC CHANGES
8.1 Introduction
In response to globalisation, climate change, ris-
ing energy prices and, more recently, the financial 
crisis, the forest industry and forest products trade 
and capacity investments have undergone profound 
changes. Direct driving forces of the changes in trade 
include shifting consumption and capacity invest-
ment growth from Europe and North America to Asia 
and Latin America. For example, China, a country 
that not long ago was a major net importer of wood 
products, is increasingly dominant as an exporter of 
value-added wood products, such as furniture. As a 
result of the increasing demand for woody biomass, 
the trade in wood-based bio-energy products, such 
as wood pellets, has gone up substantially in the 
past few years. Some policies, such as promotion 
of wood, subsidies, or taxing alternative materi-
als, would strengthen demand for and utilisation of 
wood.
Today, the forest industry is relying increasingly 
on intensively managed and planted forests located in 
South America, Africa, and Asia. These changes cut 
the traditional ties between forest processing facili-
ties and industry location with abundant natural for-
ests. Globalisation and liberalisation have facilitated 
capital, human capital (labour), and technologies to 
move easily into regions where they are expected to 
be used more profitably.
The reallocation of the forest industry’s produc-
tion capacity is associated with the role of mergers 
and acquisitions, and rapidly increased foreign direct 
investment in the forest industry since the 1990s. 
The importance of foreign direct investment (FDI) 
in the development of forest industries in the world’s 
emerging producer countries has been increasing. 
There is a close relationship between foreign trade 
and FDI; both substitute or complement each other 
with either market-seeking, resource-seeking, or 
efficiency-seeking motives. Therefore, it is impor-
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tant not only to evaluate the current state and recent 
developments in the global forest industry from the 
internationalisation point of view, but also to discuss 
sources of industry competitiveness and potential 
ways to enhance future profitability.
From this perspective (the internationalisation of 
the forest industry), the main questions to be asked 
are: What is the current state of internationalisation in 
forest-based industries? Do FDI and increasing inter-
nationalisation of firms correspond with increasing 
returns? Does consolidation of the industry through 
mergers and acquisitions increase profits above the 
industry median? What are the impacts of the other 
moderating or strategic factors on profitability now, 
and possibly in the coming years?
The emergence of timberland investments since 
the 1990s is another important phenomenon, in addi-
tion to the changes in forest industry and trade. Tim-
berland investment has been found to be a valuable 
niche in large, mixed-asset portfolios of the institu-
tional investors. Forestland ownership is shifting. A 
majority of timberland owned by traditional forest 
products industries has been sold to Timberland In-
vestment Management Organisations (TIMOs), Real 
Estate Investment Trusts (REITs), and Pension Funds 
during the past two decades. These funds are now 
increasingly invested in the emerging and developing 
countries, which brings about new challenges in op-
erations along with the new investment opportunities. 
International enterprises also acquire forest land or 
land for plantations from Asian and Latin American 
developing countries in order to supply raw materials 
for pulp mills and other forest industries.
In this chapter, the major global trends in the 
trade of forest products are briefly reviewed, fol-
lowed by an analysis of foreign direct investment in 
forest industries. Then the growth and structure of 
timberland investments are analysed, followed by 
overall conclusions on the future from the trade and 
investment points of view. The growing bio-energy 
sector and the international trade of bio-energy 
products are the focus of Chapter 10, therefore we 
will not discuss that issue in this chapter. Due to 
significant impacts of current markets and industry 
globalisation, our focus is on the “big picture” in the 
global trade and investment patterns; therefore, the 
rich diversity that exists at local-level markets and 
industries cannot be fully captured. Text boxes are 
used to highlight mainly local issues, including: non-
wood forest products and trade, forestry investment 
as a local case in China, prerequisites for making a 
business case of corporate responsibility in the forest 
industry, and market perspectives of bio-economy 
from forestry in the case of Ontario, Canada. By 
featuring these local cases, we hope to bring more 
insight into the profiles of production and trade in 
the future forests of the world.
8.2 Global Trends in the Trade 
of Forest Products
8.2.1 Market Developments
The global export value of forest products increased 
dramatically from 1996 to 2007, rising by 73% from 
USD 132 billion to USD 228 billion (FAO 2009a), 
while global import values rose less (68%). Global 
trade of wood products is accelerating amid shifting 
regional production of raw materials. At the same 
time, structural change is occurring in regional 
production and consumption of finished and semi-
finished wood and paper products.
In paper and pulp products, growth for apparent 
consumption increased in Europe, Latin America and 
the Caribbean, and in Asia (China, in particular), 
while consumption declined in North America (Table 
8.1). Traditionally, consumption of paper products 
has been closely connected to population and eco-
nomic growth. Over the past decade (since 2000), 
this connection seems to have loosened in many 
developed countries due to substitution of printed 
media by digital media. The recent rates of growth 
in consumption have been two to three times higher 
in the developing world than in the developed one 
(Table 8.1). Overall consumption of paper and pulp 
products is forecast to increase across the region with 
growth in population, urbanisation, and income.
Global production of paper products is expand-
ing rapidly. In Europe, production growth has been 
driven partly by the expansion of exports (Table 8.1); 
Europe is the largest exporter of paper products. Eu-
rope’s competitive advantage in paper production is 
based on close high-demand markets, availability of 
a large quantity of recovered paper and, in particu-
lar, technological sophistication in the production of 
high-quality paper. Both demand and output of pulp 
and paper products increased in Russia over the past 
decade (Table 8.1). Owing to the relative economic 
and political stability established in the country since 
the major currency re-valuation of 1998, and more 
expansionary macroeconomic policy under President 
Putin since 1999, there has been a continuous in-
crease in total output of pulp, paper, and paperboard 
in Russia, more than doubling since 1996. Converse-
ly, North America’s share in global production of 
paper and pulp has declined, largely because of the 
expansion of capacity in Asia and Latin America (Ta-
ble 8.1). This downward trend is unlikely to change 
in the coming years. In Latin America and the Ca-
ribbean, the production of key products, particularly 
pulp and paper, has grown since1990. This trend is 
likely to continue, considering the high investments 
in plantations and processing. Most production is 
exported (Table 8.1). Export promotion programs 
will continue to encourage production. The region’s 
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share of the global market in pulp and paper products 
will increase, especially with continuing disinvest-
ment in Europe and North America and the reloca-
tion of wood products industries to regions that have 
competitive advantages. South America’s advantages 
include a stable investment climate, low population 
density, favourable conditions for tree growth, and 
significant technical capacity. Consequently, South 
America has some of the lowest wood fibre costs 
in the world.
The increased global production of wood pulp 
during the past decade has not matched that of pa-
per and paperboard. This reflects gains in rates of 
paper recycling and the continuing rise in the use of 
recovered fibre, and decreasing use of fresh wood 
fibre in paper production (Suomalainen 2008). Pa-
per recycling has grown dramatically in recent years 
in every region of the world. The biggest chemical 
pulp producing region is still North America, but its 
production has declined; whereas, globally, Latin 
America has the fastest growth in recent years.
Consumption and production of wood-based pan-
els are currently evenly balanced among the three 
main markets (Asia, Europe, and North America) 
(Table 8.1). Asia will account for a greater pro-
portion of global wood-based panel consumption 
and production in the future. Within the category 
of wood-based panels, there is an increasing shift 
from plywood (which accounted for most of the 
wood-based panel production and consumption in 
the 1960s) to particleboard and fibreboard. This 
shift, which has important implications for wood 
raw-material requirements, began in Europe (where 
particleboard and fibreboard accounted for 90% of 
the panel market in 2005) and has continued in North 
America (70%). It has only recently started to occur 
in Asia, where plywood still accounts for more than 
half of production and consumption, with two main 
producers (Indonesia and Malaysia) and two main 
consumers (China and Japan).
The wood-based panels sector is strongly influ-
enced by high production costs and tighter chemicals 
legislation in Europe and North America. Demand 
for all panels has decreased, leading to mill closures 
in Europe and North America, and the trend is ex-
pected to continue. In Europe, consumption of panels 
decreased by over 5%, in North America by 19%, and 
Russian exports decreased by 7.5% (FAO 2009a).
In woodworking industry products, both con-
sumption and production of sawnwood increased in 
Table 8.1 Consumption, production, and trade of forest products.
Areas & markets* Sawnwood Wood based panels Paper & pulp Roundwood
 2001 2001–07 2001 2001–07 2001 2001–07 2001 2001–07
 1000 m3 % change 1000 m3 % change 1000 m3 % change 1000 m3 % change
Europe
Consumption** 116 607 7 59 924 36 184 434 15 554 906 26
Production 126 558 18 61 447 36 189 613 19 564 615 29
Net trade*** 9 951 145 1 523 58 5 179 172 9 709 215
Russian Federation (as part of Europe)
Consumption 11 915 –50 4 309 108 9 752 39 132 452 19
Production 19 600 18 5 150 91 13 427 24 164 700 26
Net trade 7 685 125 841 –1 3 675 –15 32 248 52
North America
Consumption 135 493 –2 57 648 7 201 576 –4 629 509 1
Production 139 723 –2 55 567 0.3 222 563 1 634 967 1
Net trade 4 230 –12 –2 081 –196 20 987 57 5 458 11
Asia
Consumption 74 710 37 51 270 86 201 598 42 1 044 641 4
Production 59 654 37 49 140 113 168 539 41 1 007 940 2
Net trade –15 056 –37 –2 130 534 –33059 –43 –36 701 47
Latin America & Caribbean
Consumption 36 363 19 8 505 40 34 068 32 412 693 11
Production 38 169 18 9 940 55 32 954 38 410 564 13
Net trade 1 806 2 1 435 145 –1 114 155 –2 129 235
Notes: * Areas like in Faostat, **Consumption: apparent, ***Net trade: exports-imports.
Source: FAO 2007, 2009a.
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Non-wood forest products and trades are very im-
portant for forestry and livelihoods and rural devel-
opment in China. The so-called “non-wood plant 
resources” in China’s forest areas include leaves, 
bark, fruit, seeds and flowers, as well as non-woody 
plants. A great quantity of food, clothing, and daily 
necessities are provided for the people, and remark-
able economic values can be generated. The major 
NWFPs (non-wood forest products) in China in-
clude woody food and oil (e.g., bamboo shoots, 
chestnuts, walnuts, jujube, gingko, tea-oil), woody 
fat, lacquer and wax (e.g., tallow tree, tung oil tree, 
raw lacquer, rosin, and turpentine), forest perfume 
products (e.g., mountain spicy tree, eucalypts), 
forest drinks, edible fungi, mountain-grown edible 
wild herbs, and Chinese medicinal materials.
Lin’an, China provides an excellent example of 
the role of non-wood forest products for poverty 
alleviation and provision of livelihoods for local 
people. Lin’an, located in the northwestern part 
of Zhejiang Province, has a population of 520 000 
people, of which 85% are rural. As a mountain-
ous county, Lin’an is rich in forest resources, with 
77% covered by forests. The quantity and quality of 
hickory nuts and bamboo shoots from Lin’an make 
the area known as Bamboo County and Hickory 
County.
Hickory Nut
Hickory, an endemic plant in China, is well-known 
as China’s pecan. It mainly grows in the Tianmu 
Mountains in Lin’an. In 2008, the value of hickory 
products amounted to USD 80 million in Lin’an. 
Hickory has become a major source of income and 
pillar industries for some rural areas in Lin’an. Be-
fore the 1950s, hickory nut was locally consumed. 
After the economic reform, economic growth cre-
ated demand for it and increased its price, which 
attracted farmers to plant and manage hickory nut. 
The decentralisation of collective ownership in the 
early 1980s provided the incentive for households 
to plant and manage hickory. The government has 
been supporting the hickory industry by subsidies 
and tax relief. The application and dissemination of 
hickory, new species selection, and improvement, 
planting, and management techniques have signifi-
cantly improved productivity. As seen in Figure 8.1, 
the income from hickory has increased sharply since 
2004.
0
2000
4000
6000
8000
10000
12000
1980 1985 1990 1995 2000 2005 2010
Yuan
0
50
100
150
200
250
1980 1985 1990 1995 2000 2005 2010
Bamboo shoot (1000 tonnes)
Hickory nut (100 tonnes)
Box 8.1 Non-wood forest product and trade: Lin’an, China
Figure 8.1 Net income per capita (Ru-
ral population) in Lin’an, 1984–2008.
Note: 1 USD = 6.8 Yuan in 2008.
Figure 8.2 Hickory nut and bamboo 
Production in Lin’an, 1984–2008.
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Bamboo shoots
Bamboo, an endemic plant in China, is well-known 
in the world. Lin’an has been declared China’s 
Bamboo County twice (in 1996 and 2006). The 
advantage of the bamboo grown in Lin’an is that it 
is Lei bamboo, the shoots of which are used as food. 
Similar to hickory nut, bamboo shoots have become 
important for Lin’an since the 1980s as economic 
growth created demand for it and expanded the mar-
ket (Figure 8.2). Both the area and value of bamboo 
shoots production have increased significantly since 
then. The application and dissemination of modern 
technology increased the economic value roughly 
ten-fold, from about USD 1500 per ha under tra-
ditional technology, to USD 15 000 per ha using 
modern technology.
At the same time, the market price increased 
significantly because the production season was 
advanced from March to January, to supply for 
the high demand related to the Chinese New Year. 
From 1996 to 2006, the bamboo growing area had 
increased from 47 000 to 66 000 ha, bamboo shoots 
production from 46 000 to 219 000 tonnes, and the 
market value from USD 60 million to USD 280 
million. Farmer per capita income from bamboo 
had also increased from USD 176 to USD 324 per 
year. There are 46 enterprises for bamboo shoots 
and more than 10 bamboo shoots markets in Lin’an. 
The bamboo industry plays an important role in the 
livelihoods and rural development in Lin’an.
Europe, Asia, Latin America and the Caribbean, and 
declined in North America. Net export from Europe 
has risen dramatically in the 2000s (Table 8.1).
Projections suggest that the distribution of pro-
duction and consumption among different regions 
will not change markedly before 2030, but that 
growth will increase at the global level. Production 
growth is expected to be highest in the Russian Fed-
eration, eastern Europe, and South America. High 
growth in consumption is expected in Africa and in 
Asia. These regions will remain dependent on im-
ports to meet their demand. Consumption growth in 
developed countries is expected to be more moderate 
because of replacement by engineered (composite) 
wood products (FAO 2009b).
Consumption and production of roundwood 
have been expanding faster in Europe and in Latin 
America and the Caribbean; their net exports of 
roundwood have doubled, as well (Table 8.1). Of 
the other regions, east and southeast Asia show a 
minor increase, while North America remains rela-
tively constant. It is expected that most of the output 
growth will occur in the three main regional mar-
kets. The greatest production expansion will be in 
Europe, mostly because of increases in the Russian 
Federation. Production in Asia and the Pacific, and 
in North America will also expand, largely because 
of increased production from planted forests. Asia 
and the Pacific will have a high deficit between pro-
duction and consumption, increasing from about 43 
million cubic metres in 2005, to 63 million cubic 
metres in 2030 (FAO 2009b). Thus, the region will 
depend on potential surplus countries, especially the 
Russian Federation, and possibly some countries in 
Latin America and the Caribbean.
In summary, the consumption and production of 
forest products are expected to increase, largely fol-
lowing historical trends. One shift will be the higher 
growth in the consumption and production of forest 
products in Asia, mainly stemming from the rapid 
growth in demand from emerging economies, such 
as China and India. Asia is becoming the major pro-
ducer and consumer of wood-based panels and paper 
and paperboard (although per capita consumption 
will remain higher in Europe and North America). 
The region’s roundwood production will be far short 
of consumption, increasing dependence on imports 
unless substantial efforts are made to boost wood 
production. However, it will be difficult to expand 
wood production in Asia given the high population 
density and competing land uses. While the wood 
product market has been expanding, non-wood prod-
ucts are still important for the local economy in many 
places (see Box 8.1), and the market for biomass 
and bioenergy seems emerging and promising (see 
Box 8.2)
With the history of incremental liberalisation 
of tariffs in the forest products trade, and the join-
ing of the major exporting countries to the World 
Trade Organisation (WTO), the role of non-tariff 
barriers has become relatively more important for the 
determination of forest product trade flows. Issues 
such as standardisation and certification of forest 
products, or national regulations on packaging and 
recycling of products, have started to have an impact 
on the trade; for example, between tropical countries 
and the developed consumer countries in Europe. 
However, implementation of forest certification is 
not without costs. Like tariffs, it may distort global 
forest products trade and cause demand substitutions; 
first, between tropical and temperate wood products, 
and second, between wood and other materials (for 
a more thorough discussion on certification impacts, 
see Chapter 23). According to Gan (2005), possible 
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Ontario’s forest bioeconomy is quickly evolving 
like many other jurisdictions across North America. 
The opportunity exists for Ontario to use its abun-
dant supply of forest biofibre, industrial capacity, 
infrastructure, and expertise to support rural econo-
mies, create new business opportunities, support 
sustainable growth, and generate new wealth. To 
put this into perspective, Table 8.2 below depicts 
the extent of forest biomass resources in Ontario 
and their potential for power generation.
As part of the policy implementation for forest 
biofibre utilisation, the province of Ontario, through 
the Ministry of Natural Resources (MNR), is im-
plementing a staged competition to make available 
unused Crown forest resources. The purpose of this 
competition is to support new investment by offer-
ing wood supply security and to create green jobs in 
Ontario’s value-added forest products and emerging 
bioeconomy. This project is a major step forward 
in revitalising the struggling forest industry. Within 
Ontario’s managed forests, there is a wood supply 
that can be sustainably harvested, but that tradition-
ally has not been used. New investment and jobs can 
be created in northern Ontario and for Aboriginal 
communities through this project, which will help 
Ontario’s efforts to build a healthier, more diversi-
fied forest sector. The result will be improved use 
of low-quality stands and trees, and improved forest 
renewal and cost efficiency for Sustainable Forest 
License (SFL) holders. The use of biofibre for new 
wood products and new jobs may also reduce the 
costs and impacts associated with traditionally burn-
ing these logging residues to prepare forest areas 
for renewal activities.
There is an estimated total of more than three 
and a half billion dollars of investment by the On-
tario government to support various bioeconomy 
programs and institutions/organisations in Ontario. 
Some of the prominent programs and institutions 
include the Ontario Ethanol Growth Fund, Centre 
for Research and Innovation in the Bio-Economy 
(CRIBE), Ontario BioAuto Council (OBAC), Lake-
head University – Biorefining Research Initiative 
(LU-BRI), Queen’s University – Advanced Research 
and Innovation Institute (QU – ARII), University of 
Toronto – Centre for Biocomposite and Biomaterial 
Processing (UT – CBBP), University of Western 
Ontario – Bioproducts Initiative (UWO – BI), and 
the Ontario BioCar Initiative (OBCI).
Table 8.2 Ontario forest biomass resources and their potential for power generation.
 Mt dry Energy Content Thermal Power
 biomass/yra (GJ/t dry)b Energy (PJ/yr)c (TWhr)d
Residues from existing forestry 2.5 16.9 42.3 4.11
Accessing unused annual allowable cut 4.0 16.9 67.6 6.57
Harvesting forests after disturbance 3.8 16.9 64.2 6.24
Silviculture 13.8 16.9 233.2 22.67
Dedicated harvest for energy 3.0 16.9 50.7 4.93
Total 27.1  458.0 44.52
a Million tonnes of dry biomass per year.
b Lower heat value expressed as Gigajoules per tonne dry biomass (GJ/t dry).  These values have been discounted 
to allow for the fact that the biomass typically has significant water content, which must be removed for thermal processing. 
The values assume about 45% water in forest biomass.
c Peta (1015) joules per year (PJ/yr).
d Terawatt hour (TWhr) is calculated as 3.6 GJ/MWhr at 35% efficiency for biomass combustion energy, 
or 52% efficiency for biogas combined cycle generation.
Source: BIOCAP Canada foundation 2006.
Box 8.2 Market perspective of bioeconomy from forestry: the case of Ontario, Canada
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leakages (e.g., deforestation elsewhere) associated 
with the adoption of regional certification and land-
use shifts resulting from sectoral production shifts 
can result in forest certification not necessarily being 
a solution for curbing tropical deforestation.
8.2.2 Impacts of the Present Economic 
Recession on Wood Markets
In 2008–2010, the world economy experienced its 
worst economic downturn since the Second World 
War. The contraction of the housing sector, and the 
sub-prime mortgage crisis in the USA, severely 
affected financial markets and triggered a global 
economic crisis. The collapse of the housing sector, 
which has been at the epicentre of the crisis, is a 
major blow to wood industries. The annual rate of 
new housing starts in the USA declined from about 
2.1 million in early 2006, to less than 0.8 million in 
October 2008. Several other countries, especially in 
western Europe, witnessed similar declines in the 
housing sector, although not of the same magnitude. 
The housing decline has led to decreases in wood 
demand. Wood fibre demand in North America alone 
fell by more than 20 million tonnes in 2009 (FAO 
2009b). Consequently, scaling down of production 
is widespread in almost all countries and in all forest 
industries, from logging to sawmilling to production 
of wood panels, pulp, paper, and furniture. Coun-
tries that are highly dependent on USA markets, for 
example Brazil and Canada, have been severely af-
fected. Declining demand for forest products and the 
credit crunch together have had a severely negative 
impact on new investments, and affected all wood 
industries. As existing facilities remain under-used 
or closed down, investments in new capacities are 
being deferred or dropped.
Governments acted rapidly to counter the crisis. 
However, nobody can be certain when – or if – the 
decline will hit bottom, or how long it will take for 
markets and consumer confidence to turn around. 
Some economists are saying there may be a further 
decline before a prolonged period of slow recovery. 
In any event, the demand for wood products is un-
likely to reach the peak seen in 2005–2006 in the 
foreseeable future.
8.3 Foreign Direct Investment 
and Profitability in the Global 
Forest Industry
8.3.1 Background for Foreign Direct 
Investments
Due to globalisation, the business environment of the 
forest industry has become more competitive over the 
previous decades. As a consequence, there is a struc-
tural change going on in the forest products trade and 
investment sector. This is due to saturation of the 
traditional main markets in North America and Eu-
rope, while, simultaneously, the emerging economies 
of Brazil, Russia, India, and China have opened up 
with higher demand growth prospects. Together with 
the recent unfavourable global economic downturn 
(as a consequence of global financial crisis) and a 
more sustained pressure on paper demand in devel-
oped markets, global competition between individual 
forest industry firms has substantially increased dur-
ing the 2000s. Increasing regional market shares is 
important for large companies when attempting to 
gain more market power. Local production and mar-
ket presence are increasingly important in the eyes 
of large customers, which are often multinationals 
themselves. In the case of forest-based industry, a de-
sire to ensure high quality and efficient procurement 
of raw materials, such as roundwood or wastepaper, 
has also motivated forest industry companies to pro-
duce globally (Laaksonen-Craig 2004).
The regional distribution of TOP 100 forest in-
dustry companies in 2007 shows that well over 60% 
of the companies are still headquartered in traditional 
production regions of Europe and North America. 
Companies headquartered in Asia account for 22% 
of paper and paperboard production and 3% in mar-
ket pulp, whereas Latin America’s share in market 
pulp is 31%, and 3% in paper and paperboard (Pulp 
and Paper International 2008). However, due to ad-
vancing geographic diversification, the amount pro-
duced outside home continents of Europe and North 
America is actually higher. For example, in the case 
of Stora Enso and UPM, two large MNCs (multina-
tional corporations) headquartered in Finland, over 1 
million tonnes of their total production of 24 million 
tonnes in 2007 was produced in China.
The strategic responses of the traditional produc-
ers in North America and Europe to globalisation 
pressures have varied (Laaksonen-Craig and Top-
pinen 2005). Forest industry companies in Europe 
and the USA have been looking for economies of 
scale in the face of competitive pressure from the 
new low-cost producers in Asia and South America. 
Forest industry companies headquartered especially 
in the Nordic countries have looked abroad: pulp 
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industry investments are ongoing in South America 
with backward integration to ensure the roundwood 
supply, while, since the collapse of Soviet Union, 
sawmill investments made by Nordic transnational 
corporations (TNCs) have been headed first to Baltic 
countries and later to northwestern Russia. Tradition-
ally, the American companies have been able to rely 
more on domestic consumer markets while, due to 
their smaller domestic population and consumption, 
the Canadian and Scandinavian companies have al-
ways been highly dependent on exporting to inter-
national markets.
From a company’s point of view, the key strategic 
factors to increase competitiveness include diversi-
fication in product and market areas, expansion of 
company size, and investing in research and devel-
opment (R&D) activities. The theoretical research 
has concentrated on understanding the impetus for 
FDI, but no single general theory describes why 
firms engage in FDI and locate production facilities 
abroad. Theories explaining internationalisation of 
firms are, for example, the factor-proportions ap-
proach (Helpman 1984, Helpman and Krugman 
1985), Brainard’s approach (1997), the knowledge-
capital model (Markusen 2002), the resource-based 
view (Barney 1991, Penrose 1995, Fahy 2002, Grant 
2002), transaction cost economics (Williamson 1985, 
Hsu and Boggs 2003), and the multinational enter-
prise model of Buckley and Casson (1998).
What do previous studies say about the impact 
of FDI in forest-based industries and its linkage 
to profitability? Empirically, Uusivuori and Laak-
sonen-Craig (2001) analysed interrelationships be-
tween FDIs and forest products exported from the 
United States, Sweden, and Finland. The finding of 
the study was that the FDIs had already substituted 
the exports of the United States during the 1990s, 
and later on, also the exports of Nordic countries. 
Adopting the same modelling approach on the import 
side, Nagubadi and Zhang (2008) found a substitu-
tion between imports and FDIs outflows of Japan, a 
result that supported the resource-seeking mode of 
FDIs. Regarding the separation of analysis by de-
veloped and developing countries, the only existing 
study is by Laaksonen-Craig (2004) in the case of 
Brazil and Chile, indicating bidirectional causality 
between FDIs and economic growth, and a causal re-
lationship running from roundwood supply to FDIs. 
However, due to limited data, the results cannot be 
fully generalised at a global level. In terms of spe-
cific determinants of FDI in any given country, the 
work by Jalasjoki (2008) indicates that market size, 
energy, labour and raw material costs, and level of 
business taxation all play a role in deciding the loca-
tion of production. The data of the study included 
only developed OECD (Organisation for Economic 
Co-operation and Development) countries, therefore, 
the results might apply only partially to countries 
such as Russia, China, and Brazil, all of which have 
attracted pulp and paper industry investments.
The relationship between the performance and 
the location strategy has not been much analysed, 
although internationalisation strategies are also likely 
to have an impact on the economic performance of 
forest industry companies. At the firm level, Siitonen 
(2003) found that globalising North American com-
panies outperformed European companies in terms 
of profitability, using data for the years 1990–1998. 
It was also noted that North American companies 
have been better valued in stock exchanges than their 
competitors in Europe, where investors do not ap-
parently put a premium on companies with a more 
global size. Toppinen et al. (2006) found that in for-
est industry companies headquartered in Finland, 
the degree of internationalisation, as measured by 
share of foreign employment, impacted positively on 
a firms’ liquidity and profitability in 1996–2003. In a 
study by Kirjonen et al. (2006) on the 30 largest pulp 
and paper companies, the performance of moderately 
internationalised companies was lower compared to 
regional companies or globalised companies, sug-
gesting along the lines of Porter (1985) that “if you 
go global, do not get stuck in the middle.”
8.3.2 Development of FDI in 
the Forest Industry in the 2000s
The global picture on total FDIs in forest-based in-
dustries indicates that 68% of global inflows, and 
84% of outflows in 2007 were derived from the de-
veloped countries because the majority of FDIs origi-
nate from mergers and acquisitions between estab-
lished TNCs. In other parts of the world, the changes 
can be accounted for by the modest growth in the 
share of transition economies (southeast Europe and 
Commonwealth of Independent States [CIS]) and 
rather stable share of developing countries of the 
global forest industry FDI. Overall, after growth 
since 2003, the global FDI inflows rose in 2007 to 
reach USD 1.833 billion, well above the previous 
all-time high set in 2000 (UNCTAD 2008b).
Although the forest industry share of the global 
FDI stock was only 1% in 2006, the growing in-
ternationalisation of forest-based industry has been 
reflected clearly in the increased FDI flows, and in 
the number and value of cross-border mergers and 
acquisitions (M&A). The value of FDI stock in the 
wood and wood products sector was over 100 billion 
USD in 2007. The number of cross-border acqui-
sitions referring to M&A activity that involve an 
acquisition of an equity of more than 10% has also 
been on the rise. To illustrate this development, the 
number of M&As where the seller was in the forest 
industry was 179, with a value of 19 billion USD in 
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2007 (UNCTAD 2008b). From the stock of global 
inward FDI in wood and wood products sector in 
2006, 83% was directed to developed countries, 14% 
to developing countries, and the remaining 3% to 
eastern European and CIS countries.
The dominant role of developed economies in 
the years 1989–1991, as a host of FDIs in the forest 
sector, was replaced by the growth in investments 
in developing and eastern European transition 
countries in the years 2004–2006 (Figure 8.3). In 
1989–1991, 89% of inward FDIs were directed to 
the developed countries, compared to the share of 
16.5% in 2004–2006, when 57% of inward FDIs in 
forest industries went to developing countries, and 
the remaining 26.5% to southeastern Europe and 
CIS countries (UNCTAD 2008b). On the country 
level, both Brazil and Chile have continued to at-
tract inflow FDIs, although due to the size of indi-
vidual investments, there are significant year-to-year 
changes (Bank of Brazil 2009, Chile Foreign Direct 
Investment Committee 2009). The FDI position in 
the US forest sector has stayed stable over the past 
decade (BEA 2009).
During the 2000s, the number of greenfield in-
vestments has been steady, especially in the pulp 
and paper sector, but the impacts of the global eco-
nomic crisis and the continued state of depressed 
paper prices cut the volume of FDI in 2008 (Figure 
8.4). A less common form of internationalisation in 
the forest industry is the intercontinental joint ven-
ture, such as the Veracel project in Brazil (see www.
storaenso.com). However, these arrangements face 
risks along with benefits in geographic diversifica-
tion. Stora Enso and its partner Aracruz delayed the 
second stage of their project by one year due to finan-
cial problems, and reduced their 2009 capital expen-
diture on land purchases and plantations, and faced 
criticism from the public on the implementation of 
corporate responsibility. In general, the recently in-
creased attention paid to the environmental and so-
cial dimensions of corporate responsibility requires 
companies to innovate and more proactively change 
their business settings (see Box 8.3).
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Figure 8.3 Inward FDI flows in wood products sector (including paper and paperboard), 
1989–1991 and 2004–2006 (mill. USD, UNCTAD 2008b).
Figure 8.4 Number of greenfield FDI projects in wood and wood products sector, 2003–
2008* (forecast) (UNCTAD 2008b).
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8.3.3 Consolidation of the Forest In-
dustry and Its Impacts on Profitability
The overall consolidation of the forest industry has 
progressed very slowly. For example, in 1996, the 
net sales of the ten largest companies in the industry 
were greater than 40% of net sales among the 100 
largest companies, whereas in 2007, the figure was 
41% (PWC 1997, 2008). There are still very few 
genuinely global forest industry companies that have 
significant shares of production capacity on more 
than two continents. The largest European compa-
nies, for example, have a variable degree of inter-
national production as measured by their share of 
foreign employment; some of them, such as Swedish 
SCA, can be considered as highly internationalised 
(Figure 8.5). Regarding the scope of internationali-
sation, some companies, including SCA and Stora 
Enso, have activities in well over 40 countries, but 
overall, about 80% of the pulp and paper capacity 
of these companies is in the home continent. On the 
other hand, although the capacity of a company may, 
after FDIs, stay in the same continent, they still may 
have considerable effects, such as on employment 
and business performance, at the country level. In 
regard to investments in sawnwood production in the 
Baltic area, Stora Enso has been the most active one 
of the Nordic TNCs. In all, the FDIs made by Nordic 
TNCs in Baltic sawmills five-folded their timber pro-
duction volumes over the period 1992–2004. Simul-
Ning Li and Anne Toppinen
Increasing global consciousness of environmen-
tal and social issues has intensified pressures on 
forest industry companies to sufficiently balance 
potentially conflicting stakeholder demands. Con-
sequently, concern about corporate responsibility 
(CR, or corporate social responsibility CSR) has 
become an increasingly high profile issue from 
the forest industry foreign direct investment (FDI) 
point of view.
A recent survey by Kurucz et al. (2008) identi-
fied four general types of motivation for firms to 
engage in CR: (1) to reduce costs and risks in their 
operations, (2) to achieve a competitive advantage, 
(3) to improve their reputation and legitimacy, and 
(4) to integrate stakeholder interests to create value 
at multiple fronts (synergistic value creation).
Aligning with the dominant theory of the firm, 
the resource-based view (RBV), Branco and Ro-
driquez (2006) claim that investments in socially 
responsible activities may have both internal and 
external benefits by helping a firm to develop new 
resources and capabilities. Because the numerous 
benefits to be obtained by respectful and proac-
tive social action are tied to corporate reputation, 
employee loyalty, and stakeholder commitment, 
the role of intangible resources is paramount in 
formulating and implementing CR strategy. This 
also presents for each firm a unique, dynamic 
positioning opportunity. So, from the theoretical 
perspective, aligning the RBV, enhancing the pro-
file of the forest industry in terms of its corporate 
responsibility could, over a longer time span, also 
provide financial benefits.
The main body of research-based evidence re-
garding CR in forest-based industries seems to have 
focused on Europe and North America, and on the 
largest forest industry companies. Some key trends 
have become evident. First, one important outcome 
of the CSR agenda of forest industry companies is 
the increasing need for individual companies to jus-
tify their existence and document their performance 
through the disclosure of social and environmental 
information. Second, the global forestry sector is 
moving towards a more holistic and encompassing 
approach to CR and sustainability initiatives (Pan-
war et al. 2006; Vidal and Kozak 2008a, 2008b). 
Third, large forest companies mainly shape their 
social performance strategies to fit their geographi-
cal profiles (Mikkilä and Toppinen 2008). Fourth, 
as societal demands are changing with respect to 
the world’s renewable resources, the forest indus-
try defines CR largely based on activities related 
to sustainable forest management (SFM) and ac-
countability in economic, environmental, and social 
issues (Wang 2005, Panwar et al. 2006, Panwar and 
Hansen 2008, Vidal and Kozak 2008a).
Corporate legitimacy has become a highlighted 
issue in corporate strategic management and opera-
tion. Studies by Mikkilä (2005) and Mikkilä et al. 
(2005), for instance, indicate that perception of CR 
varies in different geographic contexts. It has been 
suggested (Panwar and Hansen 2007) that the adop-
tion of a consistent external reporting standard, such 
as the GRI (Global Reporting Initiative) framework, 
could provide comprehensive guidelines and help 
to deal with the emerging conflicts.
While corporate responsibility has become in-
creasingly crucial to the forest industry, it incorpo-
rates a growing recognition of mutually interactive 
and beneficial interdependence between business 
and society. This also requires forest industry com-
panies to innovate and more proactively change 
their current business practices. See also Section 
23.5.2 on CSR.
Box 8.3 The growing importance of corporate responsibility in the forest-based industry
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taneously, with the 1.4 million m3 increase in timber 
production capacity owned by Nordic TNCs in the 
Baltic area, there was a one million m3 decrease in 
the Finnish sawmilling capacity alone. In the Baltic 
countries, numerous small sawmills have been closed 
up at the same time, as a result of increased competi-
tion (Ollonqvist et. al 2006).
The relationship between internationalisation of 
forest industry companies and their economic and 
financial performance is not straightforward, as il-
lustrated by the figures of leading European com-
panies in Table 8.3. The overall tendency has been 
a decrease in home country employment (with the 
exception of the company Södra) during the period 
2000–2005. The number of operating countries var-
ies widely, as does the return on capital employed 
(ROCE).
What about the impact of consolidation on in-
dustry performance? In North America and Europe, 
several studies done over the years have indicated 
that there are at least moderately increasing returns to 
scale in the forest industry (Andrade 2000, Hailu and 
Veeman 2000, McQueen and Potter-Witter 2006). As 
pointed out earlier, however, counter evidence has 
also been received about the benefits of increasing 
the scale of operations through consolidation among 
the world’s largest forest industry firms (Laaksonen-
Craig and Toppinen 2008). Along the same lines, 
findings by Petterson (2006), and a recent report by 
Ernst & Young (2007), indicate that the size of the 
company does not guarantee better profitability in 
the forest industry.
In general, only companies with high enough 
profitability and the necessary balance sheet strength 
can engage in FDIs, creating either a positive or a 
negative financial effect for the company. Accord-
ing to Pesendorfer (2003), there are merger waves 
in the paper industry, one of the active phases being 
in the mid-1980s. Eagerness of companies to merge 
occurred again a decade ago (Diesen 2007). At that 
time, M&As were seen as the best possible way to get 
global reach, whereas building new pulp and paper 
mills would increase regional overcapacity problems. 
Evidently, the wave of M&As in the forest industry 
during the 2000s, which increased the average size of 
companies, did not deliver the sustainable profitabil-
ity that the companies sought (Turunen 2008). The 
synergies of the high level of M&As were probably 
Table 8.3 Main features of some of the largest companies (data for 2005, except employ-
ment change). 
Company Country of Number of Change in home Net sales Profitability, Number of
 headquarters employees employees, (mill USD) return on capital, operating
 office  2000–2005 (%)  ROCE % countries
SCA Sweden 50 900 –2 12 896 2.0 50
Metsäliitto Finland 29 000 –6 10 755 0.9 30
Stora Enso Finland 46 200 –10 16 411 –0.8 40
UPM Finland 31 500 –16 11 633 3.4 14
Holmen Sweden 4 900 –12 2 183 5.6 19
Södra Sweden 3 700 27 2 132 9.0 1
MM-Karton Austria 7 300 n.a. 1 811 19.5 19
Norske Skog Norway 9 400 n.a. 3 993 9.0 25
  Source: Toppinen et al. 2008.
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Figure 8.5 Share of foreign employment in large European companies, data for 2005 
(for Norske Skog estimation by 2003 data). Source: Toppinen et al. 2008.
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over-estimated and, in retrospect, the cost of acquir-
ing aged brownfield paper capacity turned out, in 
many cases, to be too high. For example, costly paper 
mill investments of Stora Enso in North America 
at the beginning of the 2000s, were divested a few 
years later. This is consistent with behavioural theory 
which indicates that managers tend to be overly op-
timistic in determining the synergies from M&As. 
Also, the strategic fit between some forest industry 
companies that had merged was lower than expected, 
and the challenges of successfully integrating distinct 
company cultures turned out to be greater than what 
was originally anticipated.
The regional differences in average industry prof-
itability in the global forest industry are shown in 
Figure 8.6. The average ROCE, especially for the 
European forest industry, continued to decrease after 
2001, when the companies in other regions, with ex-
ception of Canada, seem have recovered. That could 
be caused by the strengthening Euro currency, which 
contributed to decreasing export success outside 
of Europe. In a regional comparison (Laaksonen-
Craig and Toppinen 2008), forest industry firms in 
the group of emerging countries have, on average, 
clearly improved their performance during the 2000s, 
and have had superior profits compared to the other 
regions.
Among the external determinants of company-
specific profits, the two main factors are development 
of real product prices and exchange rates. The excess 
supply in the global paper market that is causing 
declining real prices has been a chronic disease in 
the 2000s. Highly volatile forest product prices have, 
and will likely continue to have, a significant impact 
on companies’ performance figures. In the last few 
years, competition between printed and digital me-
dia has intensified, and the main end-use sector of 
the paper industry is in serious structural adjustment 
stress. This is well-illustrated by the fact that many 
established newspaper companies in North America 
are under severe economic pressure, and capacity 
closures have become common in the current eco-
nomic downturn. The cyclic nature of prices is an 
issue the companies themselves are trying to lessen 
through increasing consolidation, but how they will 
succeed in this remains to be seen.
8.3.4 Future Changes in the FDIs and 
the Location of Forest Industry
Where will the new FDIs in the forest industry be 
directed over the next few years? According to the 
UNCTAD (United Nations Conference on Trade and 
Development) survey on the world's most attractive 
locations for FDIs in the years 2008–2010, the BRIC 
countries (Brazil, Russian Federation, India, and Chi-
na) appear in the top of the list; the United States is 
also in third place (UNCTAD 2008a). The survey 
does not take into account the specific features and, 
most importantly, the unique resource base of the 
forest industry. Some general indications are likely 
to apply for the forest sector, based on the importance 
of the market-seeking motive of FDIs, especially in 
the paper industry, as also emphasised by Ernst & 
Young (2009). It is thus likely that the North-South 
polarisation of the industry will continue, based on 
the demographic factors. In the densely populated 
emerging markets of China, India, and southeast 
Asia, long-term paper demand prospects will be bet-
ter than in the more mature markets of OECD coun-
tries. Whereas, in the pulp industry, Latin America 
will likely capture the bulk of forest industry FDIs. 
Despite some regional constraints (such as in Bra-
zil) for increasing the planted forest base, there will 
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Figure 8.6 Regional average profitability of the largest forest industry companies 
in 1996–2007 (PWC 2008).
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continue to be opportunities for forest plantations 
and the forest products industry utilising the fibre 
from plantations. These opportunities will have to be 
evaluated against the perceived higher financial and 
political risks (PWC 2007, Gonzales et al. 2008).
Consolidation, instead of FDIs, in developed 
countries will be the more likely mode of interna-
tionalisation, where the fibre resources are already 
more fully used and the markets are mature. The sig-
nificant economic downturn and its impact on stock 
prices, combined with fluctuating exchange rates, 
could also steer FDI decisions in the near term. Some 
of the largest forest industry companies have lost 
almost half of their market capitalisation. Also, the 
relative strength between the US dollar and the Euro 
has been changing. The situation could create new 
merger and acquisition opportunities, for instance, 
for companies looking into expanding their domestic 
or internationally limited value chains into a more 
global value network. A report by Ernst & Young 
(2007), for example, indicated that the economic 
performance was higher in the value-chain end.
In contrast, the progress towards more efficient 
utilisation of the vast coniferous forests of the Rus-
sian Federation seems to continue extremely slowly, 
despite the recent plans to raise wood export tariffs. 
Based on Kok and Ersoy (2009), the determination 
of FDIs in the developing countries is heavily influ-
enced by infrastructure and communication-related 
factors, whereas tariffs have a positive effect on FDIs 
only when combined with openness of the country 
and high economic growth. The role of political risk 
and the need for establishing good governance un-
derlines the importance of obeying the rule of law 
and controlling for corruption (Rios-Morales et al. 
2009).
8.4 Changes in Timberland
Investments
8.4.1 Introduction
Traditionally, the forest industry and farmers were the 
two most important non-public timberland owners in 
the United States, and in many other developed coun-
tries. As a result of more efficient timber markets, 
tax law changes, and the value of land use changes 
in recent decades, forest product companies began 
to sell their timberland properties and focus on their 
core operations, relying on market and/or long-term 
wood supply contracts with new timberland owners. 
International firms have invested in pulpwood planta-
tions to secure their wood supply in new production 
areas, such as Asia and Latin America.
Over the past three decades, institutional inves-
tors, such as public and private pension funds, have 
purchased large tracts of timberlands from forest 
products companies, and in turn, sell logs harvested 
from these lands back to the producers of forest prod-
ucts. These investments have generally been made 
through private equity investments in limited partner-
ships, commingled funds, and insurance company 
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Photo 8.1 Institutional investors are increasingly investing in timberlands. (Young 
Acacia mangium plantation in Kalimantan, Indonesia).
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separate accounts. The traditional farmer-owned 
timberland has also changed in nature due to the 
shrinking of farm business. Family forestland owners 
are becoming the more common ownership and are 
taking a large share of timberland holdings.
Land is the most important factor for wood pro-
duction. The changing face of forestry and the global 
market for wood products are coupled with timber-
land investment as a form of joint response to the 
changing economies, markets, land value, technolo-
gies, and public policies. Timberland investment has 
been receiving great attention during recent decades. 
It initiated in the US, but has been spreading to other 
countries. This trend is expected to accelerate as 
more forest products companies sell portions of their 
timberland in order to focus on their core business of 
forest product development and production.
8.4.2 The Evolution of Timberland as 
an Asset Class
Investing in timberland is not new. Timberland is 
viewed as special capital and an asset due to timber 
prices, land appreciation, and the biological growth 
of timber. However, timberland was not considered 
to be an important investment vehicle until recent 
decades. Farmers and other individual families tra-
ditionally owned timberland to grow and supply 
timber to large pulp and paper mills; timber income 
was their primary source of income. Farmers owned 
timberland for production for the timber market. The 
primary objective for timberland ownership by the 
forest industry was to produce raw materials for their 
own mills, rather than seeking the asset apprecia-
tion.
Compared with farm land and commercial land, 
timberland investment has been much less active. 
From a global perspective, trends seen over the past 
20 years towards community empowerment, decen-
tralised decision-making, and increased involvement 
of the private sector in forestland ownership and 
management are reflected in changes in forestland 
ownership and tenure in some regions. Most tim-
berland is still owned by the state or as common re-
sources held by communities. For example, 30 years 
of economic reform towards a market economy has 
still not opened the land market, especially timber-
land, in China. Moreover, differences in timberland 
ownership among regions are considerable. North 
and Central America, Europe (other than the Rus-
sian Federation), South America, and Oceania have 
a higher proportion of private ownership than other 
regions.
However, some rapid changes have taken place in 
recent decades. As intensively managed plantations 
are replacing natural forests as the basic source of 
wood supply (enabled, in large part, by new technol-
ogy), the markets for wood supply have been chang-
ing. The increasing populations and wealthier societ-
ies are demanding more value other than timber from 
forestland. The value of timberlands, other than for 
timber products, is increasingly reflected in other 
services, such as recreation, location for a second 
home, conservation, and the like. Consequently, the 
forest industry cannot capture forestland adequately 
and loses its advantage in holding timberland. The 
forest industry is getting less concerned about timber 
supply as the timber market is getting more com-
petitive. At the same time, institutional investors are 
looking for an investment vehicle that would change 
their investment portfolio.
Pension funds and other institutional investors 
started to allocate capital to investments in timber-
land or timber in the US because of their relatively 
high return, low level of financial risk, and low cor-
relation with other financial assets (Hotvedt and Ted-
der 1978, Redmond and Cubbage 1988, Thomson 
1989, Washburn and Binkley 1993, Sun and Zhang 
2001).
The reasons that timberlands and forests become 
investment vehicles are as follows:
(1) A forest that holds mature timber will generate 
cash each year through the harvest and sale of 
timber, and these harvests can be modelled and 
forecasted with a reasonable degree of accuracy 
over many years.
(2) Aside from private equity and fixed income, tim-
berland is real property and can be classified as an 
investment in real estate, and derives an income 
from the periodic sale of timber.
(3) The most compelling reason for including tim-
berland investment in a long-term institutional 
portfolio is the ability to enhance the risk/return 
characteristics of the total portfolio. Timberland 
has a low correlation to other major asset classes, 
including stocks and bonds, and is negatively cor-
related to real estate. Timberland makes a good 
investment because its returns are equal to or 
better than comparable risk/return investments 
(Zinkham and Cubbage 2003, Walley 2008).
In order to understand a timberland investment, it 
is important to understand the fundamental compo-
nents that make up the risks:
(1) Economic risks include such interrelated fac-
tors as timber supply and demand, and fluctua-
tions in log and stumpage prices. Price changes 
occur based on supply and demand dynamics, 
including cyclical and seasonal fluctuations in 
the economy. Demand can also be affected by 
other external factors, including substitution with 
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materials such as metal or plastic, and imported 
wood as a substitute for domestic production. 
Supply risks include such factors as the quality 
of silvicultural management and increasingly 
stringent environmental regulations. Environ-
mental restrictions, as well as the loss of land to 
development pressures, will reduce the global 
availability of timberland.
(2) Physical risks include fire, weather, insects, and 
disease. These risks vary to a large extent across 
geographic regions and climates. Surprisingly, 
the total loss for managed forests in the United 
States is fairly low – less than one half of 1% per 
year (Mortimer 2009).
(3) Timberland is relatively non-liquid and isn’t ef-
ficiently priced in the marketplace (increasing 
risk). A major concern for investors is the risk 
of overestimating inventory and future growth 
from a piece of land. Thus, the quality of the due 
diligence process leading up to an acquisition 
(decreasing risk) is extremely important.
The major players in institutional investments are 
TIMOs and REITs. TIMOs are managers of tim-
berland; they buy, manage, and sell forestland and 
timber on behalf of various institutional investors. 
Generally, the TIMOs are looking for long-term in-
vestments from 10 to 20 years. REITs are entities 
that buy, manage, and sell real estate or real estate-
related assets, such as mortgages, on behalf of vari-
ous private investors. REITs own timberland. Like 
other corporations, REITs can be publicly traded or 
privately held.
Accurate estimates of timberland investment are 
difficult to determine. According to Browning (2005), 
nearly USD 30 billion worth of American forestlands 
were sold to institutional investors by 2005. Accord-
ing to a more recent report by J.P. Morgan (Mortimer 
2009), currently, there are approximately 20 TIMOs 
in the United States, and they control roughly USD 
50 billion in timberland properties. TIMOs are usu-
ally structured as public or private REITs, master 
limited partnerships, limited liability companies, or 
limited partnerships.
Over the last 20 years, timberland has emerged 
as a viable institutional asset class among almost 
100 private pension, foundation, and endowment 
funds. This large investable timberland base repre-
sents continued opportunity for institutional inves-
tors, particularly as private landowners and forest 
products companies continue to sell off their timber 
holdings.
Institutional timberland investments started in 
North America, but the horizon is rapidly expand-
ing. According to DANA Ltd. & HTRG Research, 
about 91% of the investment by institutions is in 
the US, 2% in South America, 5% in Australia and 
New Zealand, and 2% in other areas (Hagler 2006). 
Institutional investment in New Zealand accounts for 
nearly 4% of world total, and, in fact, now exceeds 
forest industry holdings (Hagler 2006).
Investor profiles in tropical forestry are hetero-
geneous in terms of investment target, size of in-
vestment, and key determinants for the investment 
decision. Investments in the tropics are more focused 
on plantation forestry than in natural forest manage-
ment. The typical size of investment ranged from 
50 000 to 150 000 ha for global forest companies, and 
from 20 000 to 100 000 ha for TIMOs and institution-
al investors. With some exceptions, it is small- and 
medium-scale operators who are interested in invest-
ing in natural tropical forests. It is notable that, lately, 
global forest companies are also showing interest in 
smaller scale stand-alone plantation-based business 
opportunities (Seppänen and Haltia 2007).
While TIMOs and REITs hold and manage more 
timberland, families and individuals are also taking 
an increasing share of timberland holdings. For ex-
ample, nearly two-thirds of forestland in the United 
States, or 157 million ha, are privately owned; two-
thirds of this land, or 105 million ha, is owned by 
10.3 million families and individuals (Butler and 
Leatherberry 2004). The number of family forest 
owners in the contiguous United States increased 
from 9.3 million in 1993 (Birch 1996) to 10.3 million 
in 2003 (Butler and Leatherberry 2004). Research 
also suggests that both the share and the total acre-
age in small parcels (less than 20 ha) have increased 
in the last 10 years (Butler and Leatherberry 2004, 
Zhang et al. 2009). DeCoster (1998) noted that if this 
trend continues, by 2010, nearly 95% of the nation’s 
private forestlands will be owned by individuals own-
ing fewer than 40 ha.
Figure 8.7 shows the changes of the structure 
from 2004 to 2007. The forest industry holding has 
decreased from 62% to 32%, while TIMOs have in-
creased from 18% to 40%.
The consequences of this shift in ownership are 
yet to be determined. On the negative side, many 
TIMOs have relatively short time horizons, and the 
nature of timber investing is decidedly long term. It 
is unlikely that they will make investments in forest 
management that will not pay off until after they 
have sold the property. On the positive side, TIMO 
investment is bringing much needed liquidity to tim-
berland, and with liquidity comes increased value. 
It is much more likely that a valuable resource will 
be subject to good stewardship than one that is less 
valuable. Another positive consequence of all the 
forestland transactions has been the increase in the 
number and size of conservation deals (Weyerhaeus-
er 2005). More diverse ownership of timberlands 
may also increase non-forest uses of forestland and, 
therefore, create new markets for these uses, such as 
carbon sequestration, recreation, spiritual purposes, 
and watershed protection.
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However, there is a sense of urgency on the part 
of the land protection community because changes in 
ownership can lead to fragmentation, development, 
and loss of forest. Private non-profit land trusts are 
the fastest growing part of the environmental move-
ment. New sources of funding from municipalities, 
state governments, and the federal governments, have 
all provided needed resources for land protection 
(Weyerhaeuser 2005).
8.4.3 Timberland Investment
in Perspective
Despite the dramatic increase of timberland invest-
ment by TIMOs and REITs in the past two decades, 
investors are facing new challenges. More than 30 
million ha of private forest land will be sold over 
the next 25 years (Eilperin 2006). Binkley (2007) 
pointed out three reasons that may slow down this 
increase:
(1) Almost all integrated forest product companies 
have sold their timberland.
(2) The amount of land held by institutional inves-
tors is going to decline in the future due to Higher 
and Better Use (HBU).
(3) The investors’ investment terms are expiring 
since many TIMOs and REITs raised and in-
vested in timberland in the 1990s, and it is time 
to sell.
Although timberland investment is very active, the 
diversification benefits associated with forestry-relat-
ed assets may have been overstated. Based on the ap-
proach to estimating mean, variance, and covariance 
directly from historical data, 30 years for instance, 
the previous conclusions are still short-run indica-
tors (Heikkinen and Kanto 2000) because decisions 
to harvest forest stands are typically subject to long 
time horizons. For example, a pine rotation may be 
more than 60 years for sawtimber. In addition, from 
a financial perspective, it is doubtful that timberland 
could have relatively high return with low risk in 
the long-run. There is no such asset like timberland 
that always generates higher return with lower risk 
because the abnormal return in the short-run will be 
absorbed to achieve a long-run equilibrium under the 
zero-profit condition.
Between 1995 and 2009, timberland prices rose 
steadily, even as the price of logs, lumber, and other 
forest products scraped multiyear lows. The discon-
nection between the land and product prices means 
there will likely be a correction soon. In 2008, when 
almost all investment categories declined in value 
and the US stock market fell about 35%, timberland 
prices rose 9%, on top of a 17% gain in 2007. In the 
first half of 2009, prices were down 0.5%, according 
to the National Council of Real Estate Investment Fi-
duciaries (NCREIF), which tracks the timber market 
(Bary 2009). The weak state of the housing market 
may also affect timber markets.
In contrast to the past two decades, the aggregate 
supply and demand dynamics have been unfavour-
able for timber investing. Compared to the outlook 
for key commodities, such as oil, copper, or alu-
minum, the outlook for some forest products isn’t 
strong. Demand could weaken as the world goes even 
more digital and uses even less paper. One of timber’s 
great selling points, its renewable nature, also means 
wood is less likely to ever be in tight supply. Credit 
Suisse analyst Chip Dillon wrote, “With many of 
the trees maturing in recent years remaining on the 
stump, we certainly do not see an immediate log-
price jump when lumber markets heat up, as there 
will be a pent-up supply of logs for several years” 
(Bary 2009).
Figure 8.7 Industrial timberland ownership, 2004 and 2007 (Data Sources: 
Forestweb and RISI Timberland Markets).
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Perhaps timberland is one of those over-hyped 
investments whose supposed virtues don’t hold up 
well under closer scrutiny. In the future, the timber-
land market could see a shift in asset toward REITs 
and away from TIMOs. Dillon wrote, “We do not 
see sufficient benefits of having a private and illiquid 
interest in a multiyear timber fund versus having 
a highly liquid investment in a diversified timber 
portfolio owned through shares in a publicly traded 
timber REIT.” He thinks the TIMO model is also in 
trouble because endowments and other institutions 
increasingly prize liquidity (Bary 2009).
In response to the changing world and global 
economy, investors are looking for new places where 
institutions do not currently invest, and for new prod-
ucts from timberland. The new places are often the 
emerging markets. Unlike relatively low-risk in-
vestments in North America, country and currency 
risks surface when dealing in emerging markets. The 
investors rarely can own the land. If land owner-
ship is possible, how secure are property rights? In 
addition, deal structures are complex and informa-
tion collection is expensive. It is probably necessary 
to integrate downstream to pull through value. The 
number of different procedures, the time required 
for liaison, and related transaction costs are common 
components of country risk. Moreover, visa-related 
issues for shareholders and ex-patriot staff, rigid-
ity of working hours, difficulty and costs of firing 
workers, and non-wage labour costs are important 
labour issues. Certainly tax rates and possibilities 
to export different forest products are also impor-
tant to consider (Seppänen and Haltia 2007). As a 
result, the investors have to consider and balance 
risk, return, and market changes. Considering that 
many environmental services are entering into the 
marketplaces, investment on producing such services 
would provide great opportunities.
Emerging markets are an opportunity (e.g., Chi-
na, Mozambique). The trade-off for the risks that 
early players need to take in emerging markets is 
the opportunity to get the best locations. Emerging 
markets in general offer new and challenging op-
portunities for timberland investments, especially 
in Latin America and in southeast Asia. In addition, 
several African countries have become attractive 
tree-growing locations. Also in China, the timber-
land market is open for land use right transactions. 
In China public investment in forestry has changed 
to focus on environmental services and protection 
(See Box 8.4).
Box 8.4 Forestry investments in China
Can Liu
China’s forest industry has developed significantly 
since 1990, primarily driven by foreign investment 
and private sectors. For example, production of 
wood-based panels is in the top two in the world.
The share of forest resource management by 
the state has been continuously increasing, from 
46% in 1991 to 71% in 2007. At the same time, 
the state’s share of forest industry investment has 
been decreasing, from 41.96% in 1990 to 27% in 
2007. The percentage of forestry investment in the 
government financial expenditures has been signifi-
cantly increased from 0.2 to 0.4% from the period 
1990–1997, to 0.3~1.3% between 1998 and 2007. 
However, the share of investment in the forest in-
dustry has been decreasing since 1994.
The rising investment for forest resource man-
agement since 1998 is because of the implementa-
tion and reconstruction of forest ecological resto-
ration programs. These programs aim to establish 
an ecological shield, improve regional ecosystems, 
ensure national ecological security, enhance sus-
tainable forest management, and contribute to lo-
cal socio-economic development, production, and 
people’s livelihoods. At the turn of the past century, 
the government made a strategic realignment of 
the former projects and integrated them into six 
Priority Forest Programs (PFPs): (1) Natural For-
est Protection Program, (2) Cropland Conversion 
to Forests Program,(3) Key Shelterbelt Develop-
ment Programs for such regions as the Three North 
(Northwest, North, and Northeast) and Yangtze Riv-
er Catchments, (4) Sand Control Program for Areas 
in the Vicinity of Beijing and Tianjin, (5) Wildlife 
Conservation and Nature Reserve Development 
Program, and (6) Forest Industrial Base Develop-
ment Program in Key Regions with the Focus on 
Fast-growing and High-yield Timber Plantations.
Implementation of the six key forestry programs 
will facilitate refocusing from timber production 
to ecological improvement. The launching of the 
six forestry programs marked a new era in China’s 
forestry development. Forestry investment in China 
has increased since 1991. The contribution of the 
investment in forest resource management is higher 
than in the forest industry. The sharp increase since 
1998 was primarily due to the PFPs. The different 
share of state investment reflects different develop-
ment strategies for different programs.
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8.5 Conclusions
Structural change is going on in the forest prod-
ucts trade and investment milieu due to saturation 
of the traditional main markets in North America 
and Europe, while, simultaneously, the emerging 
economies of Brazil, Russia, India, and China have 
opened up with higher demand growth prospects. 
Together with lately unfavourable global economic 
development, as a consequence of the global finan-
cial crisis and more sustained pressure on paper 
demand in developed markets, global competition 
between individual forest industry firms has sub-
stantially increased during the 2000s. Along with 
the growth and consolidation of the forest industry 
at global and regional levels, locally and, especially 
in the wood products market, the small and medium 
sized enterprises (SMEs) continue to have the high-
est importance.
Trade liberalisation and the increasing role of for-
eign investment in the forestry sector are anticipated 
to significantly influence the future development of 
forest products markets. Climate change and rising 
energy prices also increase the level of environmental 
and social awareness, which may affect production 
and consumption and, over the long term, also influ-
ence the supply of wood and wood-based products, 
as well as forest management.
In the future, it is likely that the polarisation of 
the forest industry between the North and South will 
continue, based on the developments in demographic 
factors. In the densely populated emerging markets of 
especially China, India, and southeastern Asia, long-
term paper demand prospects will be much better 
than in the more mature markets of OECD countries. 
In contrast, in the pulp industry, Latin America will 
be likely to capture the bulk of forest industry FDIs. 
Consolidation, instead of FDI, will take place in the 
developed countries, where the fibre resources are 
already more fully used and the consumer markets 
are mature. The significant economic downturn and 
its impact on stock prices, combined with fluctuating 
exchange rates, however, will steer FDI decisions in 
the near term since some of the largest forest indus-
try companies have lost almost half of their market 
capitalisation. Exchange rates continue to play a role 
in the forest products markets, also indicated by the 
recent volatility of the relative strength between the 
US dollar and the Euro.
In the future, better understanding of the complex 
nature of consumer behaviour in the maturing for-
est products markets of developed countries – and 
especially during the changing economic cycles – 
provides catalysis for the understanding of the con-
verging patterns of consumer behaviour globally. 
Until now, production and trade of certified forest 
products has incrementally increased, but without 
substantial price premiums since the demand is 
largely from retailers and not from final consumers. 
Only a few advocates believe that price premiums 
achievable in more highly valued products (such as 
coffee) through fair trade schemes and green pub-
lic procurement policies could eventually catalyse 
growth of market share of certified forest products 
towards more mainstream forest products. Despite 
this, explaining and segmenting consumers of specif-
ic wood products by their environmental and ethical 
attributes, the role and content of eco-labelling, also 
from competing schemes, will be the main consumer 
issues to focus on in the forest products markets. For 
the forest industry, the recently increased attention 
paid to the environmental and social dimensions of 
corporate responsibility requires companies to in-
novate and more proactively change their business 
settings. For forest industry companies, a business 
case for corporate responsibility will only be made 
by embracing ethical principles with radical changes 
in fundamental values, policy principles, and opera-
tional procedures through continuing organisational 
learning.
The changing pattern of forest products trade 
and increasing role of FDIs are coupled with tim-
berland investment. For example, when wood pro-
cessing mills move to other countries, timberland is 
sold at the home country and purchased in the new 
country. This trend is expected to accelerate as more 
forest products companies sell portions or all of their 
timberland in order to focus on their core business 
of forest product development. Many people have 
a growing concern about timberland investment in 
developed countries, and propose investments in al-
ternative places and products. These new places are 
often the emerging markets. The changing value of 
timberland resulting from increasing importance of 
forest as biomass for energy use and environmental 
services generates new forestland investment op-
portunities. The question is how to weigh the risks, 
including political, economic, and currency risks.
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Abstract: Technological development creates new opportunities and structures, and 
destroys existing ones. Despite the importance of technological development, it has 
rarely been the focus of research in the forestry literature. It is often taken as a given, 
like an “externality” that falls from heaven. This is probably partly due to the difficul-
ties related to the phenomenon itself. The scope of technological development and 
its impacts are often dauntingly large. Think, for example, about information and com-
munication technology (ICT). How to study such a vast phenomenon? On the other 
hand, forest researchers are rarely experts on technology development issues and, 
therefore, may find the topic out of their scope. We know, however, that technologies 
such as ICT and biotechnology are having, and will have, transformational impacts to 
the global forest sector. For example, technological changes may alter forest industries, 
as well as forest management, utilisation, and growth. The purpose of this chapter is to 
analyse the impacts of technological change on the forest sector by focusing on three 
technologies: ICT, biotechnology applications in forestry, and laser technology applica-
tions to forest inventories. How do these technologies impact forests and the forest 
sector? What are their links to forest sector economics, policies, and social issues? We 
invite readers to consider and reflect on the topics introduced in this chapter.
Keywords: technological development, technological change, innovation, technology 
transfer, information and communication technology, biotechnology, laser technology
■
GLOBAL SOCIO-ECONOMIC CHANGES
9.1 Introduction
9.1.1 Technological Development and 
the Forest Sector
In the context of this book, one of the main purposes 
of which is to identify and analyse significant driv-
ers of change in the forest sector, we investigate and 
analyse the impacts of technological innovations and 
methods so that readers may better understand their 
undeniable influences in all fields related to forests 
and forestry. The primary purpose of this chapter 
is to examine the key impacts of technological ap-
plications on the forest sector, both in the past and 
currently, and suggest what influences new technolo-
gies may have on the sector in the future.
Technologies are many and varied, and their 
implications within the forest sector are manifold. 
Here, the analysis is restricted to just touch upon 
three of them, which are introduced as illustrative 
examples: (1) the impact of information technology 
on the paper products and roundwood markets, (2) 
biotechnological applications in the forest sector, and 
(3) the utilisation of laser measurement for preci-
sion forest inventory and monitoring. In addition, 
we present an illustrative box on forest biorefinery 
technology and how policy can drive the develop-
ment of technology.
The three technologies – information and com-
munication technology (ICT), biotechnology, and 
laser technology in inventory and monitoring – are 
* This chapter has been written with the collaboration of the 
following researchers: Lauri Hetemäki and Gerardo Mery 
were responsible for coordinating the whole chapter, particu-
larly the Introduction (Section 9.1) and Conclusions (Section 
9.5). Lauri Hetemäki is the author of the section on Informa-
tion and Communication Technology (Section 9.2). Section 
9.3 on Biotechnology Applications in Forestry was written 
by Kim Yrjälä and Lu-Min Vaario, and Section 9.4 on Preci-
sion Forestry by Means of Advanced Laser Measurements by 
Markus Holopainen and Juha Hyyppä.
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indicative of the different types and scales of tech-
nologies. ICT and biotechnology are general purpose 
technologies that are likely to have revolutionary 
implications to the whole forest sector. Laser tech-
nology in forest inventory and monitoring is much 
more specific, and its implications are likely to be 
evolutionary and more restricted.
In general terms, technological development is 
understood to be the application of scientific or other 
organised knowledge − including any tool, technique, 
product, process, method, organisation, or system − 
to practical tasks. In other words, technology could 
be interpreted as the set of knowledge, skills, proc-
esses, and techniques on how to combine resources to 
produce desired products, to solve problems, satisfy 
needs, or adapt to changes. Today, and throughout 
history, technology influences, and is influenced 
by, such factors as social values, economics, ethics, 
institutions, interested social groups, the environ-
ment, and government, among others. Technological 
development is often the result of science and engi-
neering advances that typically result in the success-
ful introduction of new and useful methods, tools, 
techniques, or practices, or new or altered products 
and services.
The image of the forest sector tends to be that 
of a static, natural resource-intensive, mature sector. 
This view obscures the fact that throughout its his-
tory the forest sector has adjusted to technological 
changes and innovations. For example, when wooden 
ship technology was replaced by iron ships, a new 
demand for wood emerged from a brand new pulp 
and paper industry. Now it seems that the develop-
ment of information and communication technology 
sets, yet again, a challenge for the forest sector to 
find new ways to utilise wood and fibre. This time, 
more intensive uses for wood may be emerging from 
the energy sector.
Of course, technology implications to the for-
est sector are not restricted simply to different ways 
and purposes to use forests for wood production. 
Technology is also having important impacts, among 
other things, on the ways we manage forests, or on 
the various environmental and social services that 
forests provide. For example, technological innova-
tion has made it possible to change the way in which, 
and where, tree species are grown. On the other hand, 
without modern transportation technologies, forest-
related recreation and tourism would be of a very 
different nature and quantity.
Thus, the forest sector is continuously changing 
because of technological development and innova-
tions. However, in the forest sector literature, tech-
nology and its role as a major driver of change in 
the management, utilisation, conservation, and even 
devastation of forest resources is rarely analysed in 
a comprehensive and explicit way. There are some 
exceptions, such as the study on the impacts of infor-
mation technology (Hetemäki and Nilsson 2005) and 
bioengineering (Strauss and Bradshaw 2004) on the 
forest sector. Still, technology is often ignored, or is 
treated as an “externality” that falls from heaven.
The implications of technological change can 
be many. At a very general level, one characteristic 
feature of technological development is that it com-
monly increases productivity; that is, an increase 
in output per unit of input. This has been the case, 
for example, with the chainsaw (higher number of 
tree fallings per man hour) and genetic engineer-
ing (higher tree growth per unit of land). However, 
technological processes may also produce unwanted 
results, such as loss of biodiversity, increased defor-
estation, and pollution.
Another essential feature of technology is its dy-
namic nature. Technologies change all the time. One 
can distinguish different phases related to technology 
development: invention (discovery), innovation (first 
commercial application), and diffusion (widespread 
replication and growth) (Grubler 1998). Here, the 
main emphasis will be on the last phase: diffusion 
and its implications.
9.1.2 Technology and Innovation 
Systems
It is important to stress that technology consists of 
both the hardware (what things are made) and the 
software (how things are made). Technology has af-
fected the forest sector in a number of ways. For 
example, the invention of making paper from wood 
fibre in the mid-19th century created a demand for 
pulpwood. Now, the development of electronic com-
munication technology is threatening to partially 
reduce this demand. The chainsaw was a radical 
invention that replaced the traditional way of work-
ing in the woods. Sustainable development was an 
innovative idea that has changed the way we see and 
manage forests. Biotechnology enables us to increase 
forest growth, introduce more climate-adaptable 
species, and facilitate pest management. These and 
other technologies and innovations, along with their 
adaptation in the forest sector, have been closely 
related to general socio-economic development in 
recent times. There has been a growing need for these 
innovations, and their adaptation was encouraged by 
research and development (R&D) investments, poli-
cies, and entrepreneurial activities. For an example 
of a policy-driven technology, see Box 9.1.
In the technological change literature, techno-
logical development is increasingly being seen as an 
interaction between the technologies and the techno-
logical innovation system (Frenken and Faber 2009). 
By the latter, we mean government policies, demand 
conditions, changes in institutions, entrepreneurial 
9 ImPLICATIONS OF TECHNOLOGICAL DEVELOPmENT TO FORESTRY
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activities, knowledge development, etc. This way 
of looking at technology directs our attention from 
purely the hardware and science issues over to the 
social and policy issues.
It is the co-evolution of these two factors and 
their feedback effects that is relevant for consider-
ing technological development and its impacts. This 
way of viewing technological change also brings 
forward the following questions: How can we en-
hance the innovation system so that new technologies 
are created? How do we create the optimal setting 
for new technologies and innovations to spread in 
large scale throughout society? How can we avoid 
and mitigate any negative impacts of new technolo-
gies? How should we adapt existing technological 
applications to a rapidly changing social and natural 
environment? How do we transfer technology from 
centres of excellence and innovation (developers) to 
a wider group of end users? How do we recognise 
the importance of traditional knowledge, particularly 
for adaptation purposes?
The innovation system approach has increasingly 
become a well-established heuristic framework for 
science and innovation policy by numerous public 
organisations around the world (Hekkert and Negro 
2009). For example, the government of The Neth-
erlands has adopted a wide approach system called 
transition management to transform the country 
from a fossil fuel-based economy to an economy 
totally based on renewable energy. The transition 
management approach was originally developed by 
Dutch technology and social science researchers in 
the 1990s (Kemp et al. 2007). Hartikainen and He-
temäki (2008) have analysed the application of the 
transition management approach for planning and 
implementing the Finnish national forest policy.
9.2 Information and 
Communication Technology
Information and communication technology is an 
umbrella term that includes the design, develop-
ment, implementation, support, and management of 
computer-based information systems. In essence, the 
application of this technology deals with the use of 
computers and software to convert, store, protect, 
process, transmit, and retrieve information.
The expression “information and communica-
tion technology” should, by its very nature, include 
paper-based writing and printing, which are also 
technologies. Here, however, we restrict the concept 
to include only the electronic or digital communica-
tion technology.
ICT development has already fundamentally 
changed the global forest sector, and will continue to 
do so in the future. Hetemäki and Nilsson (eds. 2005) 
provide a wide analysis on the manifold impacts that 
ICT has had, and is likely to have, for the global for-
est sector. The study also shows that when discuss-
ing the impacts of ICT on the forest sector, it is like 
asking what have been the impacts of electricity, or 
the internal combustion engine, to the forest sector. 
Like these technologies, ICT belongs to a category 
known as general purpose technologies; essentially, 
they are everywhere and affect everything. It is thus 
difficult to precisely identify and quantify the role of 
a general purpose technology in the development of 
the forest sector. Another feature of general purpose 
technologies is that immediate, short-term, and vis-
ible changes tend to be seen in the technology in 
question, whereas long-term impacts tend to bring 
organisational, institutional, and cultural changes. 
Thus, the full impact of ICT on the forest sector will 
be apparent only after a long time lapse.
Within this large topic, the focus here is on the 
impacts of ICT to the pulp and paper industry, and 
how subsequent changes in this industry will affect 
the consumption of wood.
9.2.1 ICT and the Pulp and 
Paper Sector
From the perspective of the pulp and paper sector, 
the most important feature of ICT is that it provides 
alternative forms of communication to paper-based 
communication. For example, there could be a direct 
replacement of reading print newspapers by reading 
the news on the internet; or there could be indirect 
substitution. For example, people, especially the 
younger generation, are increasingly spending their 
time watching videos and playing video games in-
stead of reading newspapers, magazines, or books. 
However, the total amount of time (and capacity) 
consumers can spend on information or entertain-
ment is finite, that is, limited to the 24 hours in a day. 
Thus, there is inevitably a trade-off between differ-
ent activities, and the time spent in consuming print 
media appears to be declining (see Table 9.2).
The impacts of ICT on print media and the pa-
per industry are universal. Electronic communication 
supersedes print media whether one is in New York, 
Moscow, Peking, or Nairobi, in exactly the same way. 
However, there are large differences in the timing and 
magnitude of the impacts between countries. These 
differences are not related to geography, but to such 
social factors as income level and paper consumption 
level. What do we mean by this?
Table 9.2 shows the internet usage and per capita 
paper consumption in various regions of the world. 
The regions are separated into two categories la-
belled high- and low-income regions. It should be 
noted that the division between high and low income 
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What is forest biorefinery?
The forest biorefinery (FB) is a facility that inte-
grates biomass conversion processes and equipment 
to produce fuels (e.g., ethanol and biodiesel), elec-
tricity, power, and chemicals (e.g., polymers, acids), 
along with the conventional forest products (pulp, 
paper, sawnwood, etc.).
The FB can use multiple feedstocks, including 
harvesting residues, extracts from effluents, frac-
tions of pulping liquors, as well as agri-biomass, 
recycled paper, and municipal and industrial wastes. 
It can be a large-scale industrial facility, integrated 
into a pulp and paper mill, or a medium- or small-
scale facility integrated into a sawmill or plywood 
mill. Most of the discussions have focused on the 
former case.
An essential part of FB is the objective to more 
efficiently utilise the various fractions of woody 
biomass. This biomass is lignocellulosic material, 
which is made up of three primary chemical frac-
tions: hemicellulose, cellulose, and lignin. All of 
these can be converted to carbon-neutral renew-
able energy or chemicals. As Figure 9.1 shows, the 
conversion technologies can be classified in three 
different pathways: biochemical, thermochemical, 
and physical-chemical processing and separation 
(e.g., Larson et al. 2006, Sivasamy et al. 2007). In 
addition, the different processes can, to some extent, 
be combined. Some of the conversion technologies 
are already mature and commercial; others require 
development to move to commercial applications.
What drives the development of this technology?
There are forest sector internal and external fac-
tors originating outside the sector that drive the FB 
development. The internal factors relate mainly to 
the structural difficulties of the forest industry in 
the traditional big forest sector countries, such as 
Canada, Finland, Sweden, and the USA. In these 
countries, the industry has been suffering from con-
tinuing profitability problems, and new investments 
are going mainly to Asia and South-America. In this 
context, the industry is re-thinking its strategies, and 
biorefineries are seen as potentially one important 
development that could enhance the profitability 
and viability of operations in the big forest sector 
countries.
The external factors are likely to turn out to be 
the more important ones. Not least because they will 
attract to the forest sector new industries and opera-
tors, and diversify the forest sector. These external 
factors are particularly related to increasing energy 
consumption, greenhouse gas emissions, and con-
cerns over energy import dependence. These are, in 
turn, prompting changes in the sources from which 
energy is expected to be derived in the coming de-
cades. In this context, forests and biorefineries are 
seen as potentially important sources and producers 
of carbon-neutral energy. The primary benefits gen-
erated by the biorefinery development to the forest 
industry, and society in general, are often seen to 
be the following:
1. Through new technology and synergies with cur-
rent operations, increased production efficiency and 
profitability of current forest products;
2. Production of new products that are increasingly 
needed by society (e.g., bioenergy, bio-based poly-
mers, and chemicals);
3. Help to meet regional policy targets (preserves and 
creates jobs in rural forest-based communities);
4. Help to meet climate change policy targets (replaces 
fossil fuel-based energy);
5. Help to meet energy security policy targets (replaces 
imported energy).
Reflecting these objectives, there have been large 
scale R&D efforts in developing technologies and 
pilot projects that promise to open up new and more 
efficient ways to utilise forests and wood fibres in 
energy production. In these efforts, forest biorefiner-
Box 9.1 Forest biorefinery: an example of policy driven technology
Figure 9.1 Forest biorefinery conversion routes.
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ies play a central role (a list of some of the current 
projects is given in Johnson et al. 2009).
Within the forest biorefinery platform, there 
are a number of different output mix and technol-
ogy possibilities. Therefore, the number of invest-
ment opportunities and risk factors related to forest 
biorefinery are many. The viability of each specific 
forest biorefinery product-technology-mix depends 
on end markets (demand, supply, prices), substi-
tute markets (e.g., oil), biomass markets, and on 
global, national, and regional policies. These may 
vary between countries, and even within countries. 
Also, the policies to support biorefinery develop-
ment depend on the goals that biorefineries hope to 
target. For example, depending on the degree that 
the policy goal emphasises climate change mitiga-
tion, domestic energy production, rural employ-
ment, energy efficiency, or some combination of 
these, the optimal biorefinery concept may differ. 
In short, there is no single best uniform solution for 
FB, rather a large number of different concepts, raw 
material options, production processes, and output 
mixes, each tailored to be optimal for the local con-
ditions and objectives.
Policy challenges and implications
Despite the global trend of market liberalisation, 
politics will play an ever more important role in the 
development of bioenergy markets. This is mainly 
a result of the following twin energy-related chal-
lenges: that of not having adequate supplies of en-
ergy at affordable prices, and that of environmental 
harm caused by energy consumption. In order to try 
to solve these two problems satisfactorily, regional, 
national, and local level policies are imposed to 
regulate energy market development.
An overview of the various national policies sup-
porting the production of biofuels in OECD coun-
tries is given in Doornbosch and Steenbilk (2007). 
The study clearly illustrates the following points. 
First, the policies are necessary to make the pro-
duction of biofuels viable in current circumstances. 
Without the subsidies, tariffs, or other forms of 
policy regulation, there would be no or very little 
national production of biofuels in most of the coun-
tries. Secondly, the policies vary across countries, 
and across regions within a country. Thirdly, the 
array of policy measures is large and complex. For 
example, countries may give subsides to anywhere 
in the value chain – from growing the raw mate-
rial (agri- or forest-biomass ) to setting mandatory 
requirements for biofuels usage in transportation. 
Finally, the current policies could be made more 
efficient. That is, more economic and environmental 
benefits could be generated from a given amount of 
biomass by re-designing the current policies.
Biorefinery development is no exception to the 
above trend. Various polices in different countries 
and at the global level are, and will be, implemented 
to speed up the building of forest biorefineries. The 
table 9.1 gives one taxonomy of the possible poli-
cies and impacts at a general level.
The interest in forest biorefineries is a very re-
cent phenomenon, which means that societies and 
the forest sector have not yet had much time to 
reflect on the issues associated with it. Thus, al-
though biorefinery landscape is promising, it is also 
broad, complex, and even confusing. More research 
is needed to understand the implications of FBs to 
society and to the forest sector.
So far, the research on biorefineries has been 
very much technology-driven and specialised. This 
is natural, since advances in the technology have 
been recent, and the possibilities for moving this 
technology to practice are only just opening up. 
However, now that the technology is close to the 
stage where it can be moved to commercial ap-
plications, there is a need for synthesis on current 
knowledge, and analytical assessment of future en-
vironmental, economic, and policy prospects. In 
what circumstances is forest biorefinery profitable? 
What are the socio-economic implications to the 
forest sector, at both the national and global levels? 
What are the environmental impacts?
Table 9.1 Examples of energy policy priorities and impacts.
 Policy Priority Options
 Energy Security, Agricultural & Economic Efficiency &
 Regional Policy Costs to Consumers
Policies / tariffs, taxes, quotas, subsidies, standards R&D support, tradable permits, taxes,
Regulations  investment support to risky projects
Positive Impacts domestic production, rural employment efficient resource allocation, cost efficiency,
 and income, energy security less administration,
  predictable operating environment
Negative Impacts resource misallocations, trade wars, loss of domestic production
 complex and bureaucratic, (at least in the short-to-medium term),
 regional differences, uncertainty more hardship in the rural areas,
  dependency on energy imports
Note: There are various positive and negative environmental implications under both policy priority options.
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regions is not exact. For example, the low-income 
region Non-Eurepean Union Europe includes Nor-
way and Switzerland, which clearly are high-income 
countries. Similarly, the low-income Asian region 
includes Singapore and South Korea, which clearly 
should be placed in the high-income category. How-
ever, their impacts at an aggregate level for the re-
gional figures are minor.
There are three significant differences between 
these two types of regions. First, the total number 
of population in the low-income group is almost six 
times higher than in the high-income group; over 
80% of the world’s population lives in the low-in-
come region. Secondly, the per capita consumption 
of newsprint and printing and writing paper is about 
ten times higher in the high-income region. The aver-
age person in the high-income region of the world 
consumed 72.2 kg of printing and writing paper in 
2007, whereas the average person in the low-income 
region consumed only 6.4 kg. Thirdly, the internet 
penetration rate, that is, the percentage of the popu-
lation using the internet, is also strikingly different 
between the regions. In the low-income region, on 
average, every sixth person is using the internet, 
while in the high-income region, more than one in 
two people are using the internet.
The above numbers reflect the fact that there is 
a clear dichotomy between the world regions with 
respect to the status of paper markets for communica-
tion purposes, and the magnitude of ICT impacts on 
this. In the high-income region, paper consumption 
has reached the saturation point, and the intensive 
spread of the internet and other electronic media has 
already begun to replace paper consumption. In con-
trast, in the low-income region, paper consumption 
is growing very rapidly due to economic growth, 
increasing urbanisation, and population growth. The 
intensity level of the internet and electronic media 
usage is still very low, and consequently the impact 
on paper consumption is also small.
Table 9.2. Media use by United States´s consumers in 2001, and projections for 2010 (hours 
spent annually).
Media 2001 hours 2010 p hours % -change 1990–2010p
1. Newspaper 199 158 –20.6
2. Magazines 127 112 –11.8
3. Books 105 109 +3.8
Print media total 431 379 –12.1
4. TV 1 553 1 728 + 11.3
5. Radio 792 758 –4.3
6. Videos, video games 113 164 + 45.1
7. Internet 125 184 + 47.2
Electronic media total 2 583 2 834 +9.7
Source: Statistical Abstract of the United States, US Census Bureau 2009.
Table 9.3 Population and internet users in 2009, and communication-paper consumption 
in 2007.
 Population Internet Penetration Newsprint Print. writ. pap.
 (million) users (% pop.) per cap. per cap.
  (million)  (kg) (kg)
Africa 997 64 6.4 0.8 1.8
Asia (-Japan) 3 695 607 16.4 2.8 7.4
Non-EU Europe 314 93 29.6 5.1 10.2
Latin America 589 176 29.9 2.1 5.5
Low-Income Regions 5 595 940 16.8* 2.5* 6.4*
EU27 489 309 63.2 22 61.3
Japan 127 94 74.0 35 77.9
North America 341 252 73.9 25 88.2
Oceania 35 21 59.8 22 46.6
High-Income Regions 992 676 68.1* 24.7* 72.2*
TOTAL 6 790 1 664 24.5 5.7 16.2
Note. Internet Usage and Population Statistics are for June 30, 2009. Source: Internet World Stats paper consumption 
figures computed from FAOSTAT data. * The numbers are population weighted averages.
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The net impacts of the above development are 
illustrated in Figure 9.2 for the world’s high-income 
and low-income regions. The high-income region is 
defined here to include North America, “Modified 
EU”, Japan, and Oceania. “Modified EU” means the 
27 EU countries minus the Czech Republic, Estonia, 
Hungary, Latvia, Lithuania, Poland, Slovenia, and 
Slovakia, plus Iceland, Norway, and Switzerland.
At the turn of the century, the structural change 
in the world graphics paper (= newsprint + printing 
and writing paper) market started to take place. Up 
to the end of the 1990s, the high-income region had 
experienced an increased trend of graphics paper 
consumption. This started to stagnate at the begin-
ning of this century, and eventually started to decline, 
despite economic growth. The single most important 
factor behind this development was the impact of 
electronic media (Hetemäki 2005, 2008). Businesses, 
consumers, and organisations increasingly moved 
their communication and media usage away from 
print to digital media.
The mirror image of the above trend is the steeply 
increasing trend of graphics paper consumption in 
the low-income region, which has doubled in the past 
decade. In 1999, the consumption of graphics paper 
in this region was only a quarter of what it was in 
the high-income region, and now it is about half of 
what the high-income region consumes. If the trend 
projections shown in Figure 9.2 are actualised, by 
2019, the consumption in the low-income region will 
surpass that of the high-income region. The major 
factor behind this situation is the initially very low 
level of paper consumption per capita coupled with 
the rapid economic and population growth and ur-
banisation in the low-income region.
The trend projections for the high-income re-
gions shown in Figure 9.2 were computed as fol-
lows. For each of the high-income regions – North 
America, EU, Japan, and Oceania – separate trends 
were estimated. For North America, the trend was 
estimated using data for the period 2000–2008. 
However, since the structural change in consump-
tion in other high-income regions started later than 
in North-America, the trends for these regions were 
estimated using observations from only the 5-year 
period (2004–2008). Finally, the trend projections for 
different high-income regions were summed. For the 
low-income region, the trend was simply computed 
for the aggregate region using data for the period 
2000–2008.
According to the projections, the consumption of 
graphics paper would decline in high-income regions 
by 18 million tonnes in 2020 from its maximum 
level in 2000. In contrast, over the same period, it 
would increase by 60 million tonnes in low-income 
regions. The world net increase would, therefore, be 
42 million tonnes, which would be a 33% increase 
from 2000.
The trend projections in Figure 9.2 will probably 
capture the overall pattern of the future development. 
However, they are likely to turn out to be clear over-
estimates. First, the current economic slump is likely 
to strengthen the structural change in high-income 
regions. In 2009, the consumption of graphics pa-
per in high-income regions is likely to end up being 
about 15–20% lower than in 2008. The lower demand 
is mainly due to cyclical reasons, but some of it may 
turn out to be structural or lasting. The reasons for 
this are described in the following paragraphs.
In order to save costs during an economic down-
turn, businesses adapt ways to reduce paper usage. 
For example, newspaper publishers may reduce the 
size of a newspaper from a broadsheet to a tabloid 
size, or they may move some material only to the 
Figure 9.2 World graphics paper (newsprint + printing and writing 
paper) consumption 1980−2008, and trend projections to 2020.
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internet, such as stock exchange pages. Or banks, 
insurance companies, and federal and local govern-
ment organisations may transfer business-to-business 
and business-to-consumer communication to digital 
form, such as by dropping paper forms and providing 
them online instead. Once these measures have been 
adapted, it is unlikely that they would return to the 
old modes when the economic slump is over. This 
pattern is what seems to have happened in the USA 
after the so called mini-slump in 2001. The implica-
tion of this development is that the consumption of 
graphics paper is likely to be lower than what the 
trend projection for high-income region suggests.
Secondly, the trend projections do not take into 
account new developments related to digital hard-
ware, software, and services. These will undoubtedly 
strengthen the move from print to digital media. Con-
sider, for example, e-books. They have been around 
for about a decade or so, but due to their incomplete-
ness, they have not become popular. However, re-
cent advancements in e-book technology and related 
services have given them a significant boost. The 
Amazon Kindle and the iPad, for example, have been 
major successes. There will be even further develop-
ments on this front that will make the devices and 
services more consumer-friendly. Also, the price of 
e-book devices is bound to decline. Similar develop-
ments are likely to take place on many other digital 
media fronts. Given this pattern, the trends in Figure 
9.1 are likely to over-estimate the graphics paper 
consumption in the future.
In principle, the above arguments are valid in 
both the high-income and low-income regions. But 
the magnitudes of the impacts are likely to be greater 
in high-income regions, at least in the near future. 
The big question is, when will the electronic media 
start to replace the print media to a larger degree in 
the low-income regions? Currently, the low-income 
region population weighted average internet penetra-
tion rate is still only 16.8%, which is about the same 
as it was in the USA in 1997. But in some major 
low-income countries, such as China, change is tak-
ing place rapidly.
According to Internet World Stats, in China, 
there were 360 million internet users in September 
2009, which is the largest number for any country. 
However, the internet penetration rate is about 27%; 
whereas, in the USA, it is about 74%. But the internet 
penetration in China grows very rapidly − the number 
of internet users has increased by ten times in the 
last seven years (see Figure 9.3). Just in the first half 
of 2009, 40 million more Chinese connected to the 
internet. Also, China’s telecommunication firms – 
China Telecom, China Mobile, and China Unicom 
– plan to invest USD 40 billion in improving the 
3G networks that support voice and video commu-
nications, high-speed mobile internet, and mobile 
television.
In summary, given the rapid spread of the internet 
and electronic media in the low-income regions, it 
is likely that the trend projection for low-income 
region graphics paper consumption shown in Figure 
1 will turn out to be an over-estimate. In the coming 
decade, the currently very low internet penetration 
ratio will undoubtedly increase significantly in these 
regions. The impacts of this will also be large due to 
the fact that the bulk of the world’s population lives 
in low-income regions.
Figure 9.3 Internet Users and Penetration Rate in China 2000–2009 
and Trend Projection to 2020 (Data source: Internet World Stats).
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9.2.2 Implications for the Forest Sector
What are the major implications of the ICT develop-
ment for the global forest sector? First, the demand 
for graphics paper products will be lower than it 
would be without ICT development. In order to give 
an idea of the possible magnitude of the impact, con-
sider the following case.
Assume that the historical pattern of graphics 
paper consumption in high-income regions had con-
tinued, and the trend between 1990–1999 was used 
to project the consumption up to 2020. Based on this 
trend, the consumption would be 137 million tonnes 
in 2020, instead of the 83 million tonnes projected in 
Figure 9.2. The difference is 54 million tonnes, and 
it is to a large extent due to the impact of ICT.
These 54 million tonnes equals the sum of graph-
ics paper consumption in North America and Japan 
in 2007. How many pulp and paper mills are needed 
to satisfy the current level of North American and 
Japanese graphics paper consumption? What are the 
direct and indirect impacts of these mills to turnover, 
taxes, and employment? What about the implications 
to pulpwood consumption?
Assume that the graphics paper production in 
2020 would be based on the mix of wood fibre we 
observe today in high-income regions. That is, the 
share of chemical pulp would be about 40%, me-
chanical pulp 13%, and recovered paper 54%. Then, 
the 54 million tonnes decline in paper consumption 
would imply about 128 million cubic meters less of 
pulpwood demand (assuming that one unit of chemi-
cal pulp requires 5 units of pulpwood, and one unit 
of mechanical pulp requires 2.8 units of pulpwood, 
according to Finnish Statistical Yearbook of Forestry 
2008). This is more than the total sum of annual 
industrial roundwood production in Finland and 
Sweden in 2007.
Even though the above projections and calcula-
tions make many assumptions and simplifications, 
they help to point out that the impacts of ICT to the 
global forest sector will be of major significance. 
Moreover, the negative impacts are not restricted to 
declining paper, pulp, and pulpwood consumption, 
but also to declining prices and profits. The pulp and 
paper industry companies are not only competing 
against other paper companies, but also against the 
electronic media. Partly due to this, the real prices 
of graphics paper products have been significantly 
declining in this century. This also implies that the 
pulp and paper companies have increasing difficul-
ties to pass their higher production costs onto paper 
prices (Hetemäki 2008).
The other side of the impacts of ICT on the global 
forest sector is that it helps to boost productivity and 
creation of new products. ICT hardware, software, 
and services are essential tools for increasing the pro-
ductivity of pulp and paper mills, as well as forestry 
productivity. On the other hand, the convergence of 
print and electronic media is creating new products, 
such as the radio-frequency identification (RDIF) 
tags and intelligent packing products. These provide 
new opportunities for the pulp and paper companies, 
and re-structuring of their product mix.
9.3 Biotechnology Applications 
in Forestry
Biotechnology is any biology-based technology that 
develops or uses living organisms to produce, alter, 
or improve a product or organism for a specified 
purpose. It has many applications in industry and 
in the environment (environmental technology). 
Biotechnology is based on several methods and ap-
proaches. Plants can be multiplied by clonal propa-
gation, giving identical offspring. Gene transfer of 
valuable genes has been conducted for the genetic 
improvement of forests. In plant breeding, genetic 
markers are used to develop better plants. Trees can-
not exist without soil microbes that influence tree 
growth in many ways. This fact was only recognised 
some 20 years ago and has slowly resulted in more 
detailed data on how microbes can affect the growth 
of woody plants. Awareness of the immense biodi-
versity in the microbial world has contributed to the 
development of microbial ecology. Microbes can and 
will be used to improve plant performance, and the 
plant-microbe system may improve soil quality and 
forests. Although genetic techniques are fundamental 
in the biotechnology of plants and their associated 
microbes, this endeavour will not implicitly lead to 
the construction of transgenic plants and genetically 
modified organisms (GMOs) in the finalised technol-
ogy. The challenge in this venture is to get products 
that are ecologically friendly and that will function 
well in changing environmental circumstances.
World demand for forest products has increased 
substantially with increases in population and wealth 
(FAO 2008). Meeting people’s basic needs for living 
and providing a good quality environment could be 
better realised by more effective use of fundamental 
ecosystem services; this has become the great chal-
lenge. In general, technological advances in forest 
sciences followed in the footsteps of advances in 
agriculture, so it would not be a surprise to see many 
applications of biotechnology being used in forestry. 
Biotechnology has the potential to improve the qual-
ity and quantity of wooden raw material supplies in a 
long-term perspective and could also have a radical 
effect on pulping processes, waste-to-energy sys-
tems, and other aspects of the manufacture and use of 
forest products. Reduced costs and increased yields 
are the potential economic benefits of biotechnology, 
which implies that society could get more outputs for 
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its expenditure of inputs. Biotechnology could also 
have environmental benefits. Plantation wood can 
reduce the commercial logging pressure on natural 
forests, and thus the threat to biodiversity and the 
natural habitats of important species.
In this section we will first cover the more tra-
ditional biotechnology applications in forestry, and 
then describe phytoremediation and its use.
9.3.1 Specific Forest Tree-Based 
Applications of Biotechnology
At present, forestry is facing great financial pressure 
to increase the production of wood and industrial 
wood fibre. Fast-growing plantations permitting 
lower costs, higher product quality, and reduced use 
of both chemicals and energy are needed. Biotech-
nology has significant potential to help the forest 
products industry overcome the challenges of meet-
ing these needs.
Clonal Propagation
In forestry, most commercial-scale cloning methods 
have relied on the rooted cuttings method. Clonal 
propagation has opened up avenues for the develop-
ment of new high-performance clonally replicated 
planting stocks in forest plantations (Sutton 2002). 
Clonal propagation can produce large numbers of 
genetically identical plants. Recently, the forest 
industry has focused increased research efforts on 
clonal propagation via somatic embryogenesis (the 
production of plants from plant cells that are not 
normally involved in the development of embryos; 
i.e., ordinary plant tissue). This approach appears to 
have several advantages over other clonal propaga-
tion systems, including its potential for high multi-
plication rates, and the potential for scale-up and de-
livery via bioreactor and synthetic seed technologies. 
Long-term storage of genetic lines is possible, and 
large-scale production from field-tested clonal lines 
is likely in a few species, such as loblolly (Gupta 
and Durzan 1987) and radiata pine (Christian et al. 
2005). Often, work in conifer embryogenesis has 
been carried out by private forest companies and is 
thus mostly disclosed only in patents.
Marker-Aided Selection and Breeding
Marker-aided selection involves molecular genetics 
simultaneous analysis of parents and progeny to find 
individuals that carry genes associated with desirable 
traits. This technique is increasing in importance as 
more comprehensive genetic maps and the locations 
of quantitative trait locis (QTLs) are found for each 
species. QTLs are stretches of DNA that are closely 
linked to the genes that underlie the trait in question. 
In the candidate gene approach, genes assumed to be 
involved in the trait are genetically mapped and asso-
ciations with QTLs for that trait analysed (Brown et 
al. 2003). QTL analysis can be applied to phenotypes 
with analysis of gene expression levels in a mapping 
pedigree. The candidate gene approach performed in 
Eucalyptus species suggested that growth and lignin 
characteristics are controlled by the same loci (Kirst 
et al. 2004). Recently, several research groups have 
suggested that association genetics might become 
an efficient tool to identify the genes that determine 
traits (Boerjan 2005, Ingvarsson 2005). Marker-aided 
selection in forest trees will become an increasingly 
applicable technology.
By using clonal propagation techniques, indi-
viduals with selected traits, or the highest perform-
ers from testing trials or breeding programs, can be 
replicated at a large scale, capturing both additive 
and non-additive genetic variation from traditional 
breeding.
Genetic Engineering
Genetic engineering involves insertion of one or 
more genes into cells of superior genotypes and in 
vitro propagation of transformed plants. Advance-
ments in gene cloning and genomics technology 
have enabled the discovery and introduction of value-
added traits for wood quality, resistance to biotic and 
abiotic stresses, and reducing flowering or sterility, 
into improved genotypes. Manipulation of lignin and 
cellulose content used for pulp and paper making is 
highly desirable from both an economic and an en-
vironmental point of view (Franke et al. 2000, Pilate 
et al. 2002). Some of the novel biotechnological ap-
proaches used recently for the genetic improvement 
of trees are as follows:
◆ Reduction of generation time, thus accelerating 
the genetic improvement program in citrus (Peña 
et al. 2001). This approach can be extended to 
other economically important trees.
◆ Genes important in the pathway of lignin develop-
ment have been modified to produce unique wood 
in very young trees (Akim et al. 2001).
◆ Populus plants have been transformed with an 
insect-tolerance gene (McCown et al. 1991). Ma-
nipulation of production levels of natural products 
for increasing resistance to insects and diseases 
through genetic engineering has been undertaken 
in plum (Scorza et al. 2001) and elm trees (New-
house et al. 2007), for example.
◆ The use of transgenic hardwoods for phytoreme-
diation; i.e., the use of plants to stabilise, reduce, 
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or detoxify pollutants. Recently, several studies 
demonstrate the potential for enhancing phytore-
mediation of explosives using genetic engineering 
with poplar (Doty 2008).
◆ The development of gene-transformed trees for 
tolerance to drought and extreme temperatures, 
candidate gene testing, production of secondary 
compounds, site remediation, fibre quality, etc. 
could provide basic biological knowledge and 
even employment, and contribute to reducing 
global warming and other global environmental 
issues.
Genomics
The recent completion of a whole-genome sequence 
for Populus has laid the foundation for reaching a 
goal for model species (Tuskan et al. 2006). Populus 
trees are able to grow on polluted sites containing 
heavy metals and organic pollutants, and the mecha-
nism for tolerance can be studied on the RNA-level 
by transcription analysis. The whole-genome data 
has allowed studies on plant responses to stressed 
conditions, such as drought and pollution. In the 
relatively near future, we can anticipate additional 
reference genome sequences, including the much 
larger Pinus genome.
The application of genomics to improve forest 
productivity and sustainability still entails capturing 
a large proportion of the total genetic variation con-
trolling the component traits. Nonetheless, genetics 
and genomics are unifying disciplines that will serve 
well to dissect the variables and mechanisms of tree 
growth and development (Grattapaglia et al. 2009).
9.3.2 Trees for Environmental 
Restoration
As we know, people’s basic needs are not only for 
food, water, clothing, and shelter, but also for a good 
quality environment. Forest trees have traditionally 
been grown taking only chemical and physical en-
vironmental factors into consideration, but the bio-
logical factors have significantly increased in impor-
tance. Phytotechnology is beginning to offer efficient 
tools and environmentally friendly solutions for the 
cleanup of contaminated sites, the development of 
renewable energy sources, and for contributing to 
sustainable land management.
Phytoremediation is a way to remediate polluted 
environments by using plants. In the 1990s, the field 
of microbial ecology developed strongly with in-
creasing awareness of the immense biodiversity in 
the microbial world (Torsvik et al. 2002). Just as 
humans are dependent on microbes for their well-
being in the form of microbial communities in the 
gut assisting in the digestion of food, so are trees 
dependent on below-ground microbes that break 
down and transform compounds to usable forms for 
the plant. With the help of new molecular genetic 
techniques, studies of the microbial communities in 
rhizospheres show specific rhizosphere effects that 
challenge the view of separate life forms in soils 
and plants (Sipilä et al. 2008). This finding is used 
in rhizo-remediation of hydrocarbon-polluted soils 
(Susarla et al. 2002).
Phytoremediation Using Woody Plants
Our environment has continuously been polluted by 
human activities and, since the 1960s, we have slow-
ly become aware of the consequences of allowing 
heavy metals, DDT, and other toxic chemical com-
pounds to spread out in soils, water, and sediments. 
Woody plants can be used to improve soil quality, and 
represent a more environmentally compatible and 
less expensive method to site restoration compared 
to physicochemical and engineering approaches. 
Plants can be used to accumulate toxic metals and 
organic pollutants from contaminated soils and water 
for cleanup purposes (Golan-Goldhirsh et al. 2004). 
In rhizo-remediation (a type of phytoremediation), 
for example, the microbes in the rhizosphere assist 
in breaking down hydrocarbon pollutants (Figure 
9.4). It is a “green solution” that fulfils the criteria 
of sustainable development.
Rhizo-Remediation
Rhizo-remediation is a special form of phytoreme-
diation where the plant root rhizosphere is well-rec-
ognised for its numerous effects on soil microbiota; 
it has a pivotal role in phytotechnologies (Kuiper et 
al. 2004). The plant rhizosphere is truly a hotspot for 
microbial interactions and a driving force for the for-
mation of growing microbial populations with degra-
dation capacities. This complex food web utilises the 
large amount of carbon fixed by the plant and releases 
it into the rhizosphere (i.e., rhizodeposits) (Salt et al. 
1998). For example, the degradation of PAHs (poly-
aromatic hydrocarbons) in soil and groundwater is 
accomplished when poplar roots grow into the water 
table (Widdowson et al. 2005).
Microbes to Assist in Green Applications
In stressed soils, such as in petroleum hydrocarbon-
polluted soils, the roots harbour bacteria that have 
degradation potential, but also mycorrhizal fungi, 
with their associated bacteria, which become impor-
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tant in a remediation process (Figure 9.4). Microbes 
also live above ground on plant surfaces, and even 
inside a plant in plant tissue. These endophytic bac-
teria were recently shown to have an active role in 
biodegradation (see Box 9.2). They metabolise toxic 
aromatic compounds inside the plant and prevent 
evapotranspiration (Moore et al. 2006). Rhizo-re-
mediation of toluene, for instance, can be improved 
through horizontal gene transfer to endogenous en-
dophytic bacteria in poplar (Taghavi et al. 2005). 
The behaviour and effect of mycorrhizae, and their 
interplay with bacteria in plants in bioremediation, 
is poorly understood, yet they are fundamental in the 
development of natural resources for environmental 
technology.
9.3.3 New Prospects for Forest 
Biotechnology
Environmental challenges open up new prospects for 
forest biotechnology. During the last three decades, 
oil crises, agricultural surpluses in developed coun-
tries, and global climate change have increased inter-
est in short-rotation forestry (SRF). The importance 
of biofuels in the energy sector has recently initiated 
programs for the development of short-rotation for-
estry in the boreal climate zone (Walle et al. 2007). 
Bioenergy from biomass has been identified as hav-
ing significant potential to contribute to reductions 
in greenhouse gas emissions and to the maintenance 
of a secure and sustainable energy supply (Figure 
9.4). Short-rotation coppice (SRC) describes any 
high-yielding woody species managed in a coppice 
system. Typically, these crops are harvested on a 
3–5 year rotation and remain viable for 15–30 years 
(Aylott et al. 2008).
A plausible and interesting development in phy-
toremediation is its integration with landscape ar-
chitecture. In this context, the remediation of urban 
sites, like parks and nature areas, may be combined 
with other uses so that the area may be used by the 
public during and after the remediation process while 
minimising risk. In some locations, these types of 
areas can even be turned into wildlife sanctuaries 
(Pilon-Smits 2005).
A cornerstone in these applications is the recog-
Figure 9.4 Phyto- and rhizoremediation to clean up and improve soil 
quality of landfills and brownfields polluted with heavy metals or organic 
compounds like petroleum hydrocarbons. The tree biomass can be utilized 
for energy production.
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nition that microbes live in association with woody 
plants in such a way as to confer, or mediate, benefi-
cial effects to the plants (Box 9.2). When the “micro-
biome” of the woody plants functions for the good 
of the plant, this can be used in biotechnological 
applications. Phytoremediation is most conveniently 
used on areas having lower pollution levels. Large 
areas can be covered by the plant to improve the 
quality of the land, and expand the putative use of the 
area for a variety of human activities. The forest bio-
technology envisioned here is not inherently part of 
the development of transgenic plants. The transgenic 
method to improve plant growth, wood quality, and 
other aspects to be improved is one technique, but 
is not necessarily needed for phytoremediation. The 
plant/microbe system is detrimental for remediation 
of polluted sites and biomass production.
Although many advances in forest biotechnology 
have produced important products and discoveries, 
there are several associated problems for forestry 
and forest resource managers that are surfacing from 
these technologies. The public belief is often that 
wherever selected woody plants are used for bio-
technological purposes, they must be much debated 
transgenics. Trees are an invaluable part of our nature 
that appears as a key part in pristine unspoiled eco-
systems, but also in city ecosystems heavily modi-
fied by humans. Understanding their ecological role 
locally and globally builds the foundation for future 
biotechnology applications in forestry. Trees can be 
planted and consequently utilised in a much more 
effective way when their associated microbes are rec-
ognised to improve growth and ecological functions. 
A wider perspective for forest biotechnology is need-
ed that takes into account the huge challenges put 
forward regarding biodiversity and climate change. 
Innovations in forest biotechnology may make use 
of nature’s own resources when scientific knowledge 
about plants and their associated microbes are ac-
ceptable to being used in practical applications. This 
does not mean we have to design transgenic plants 
to overcome the challenges, but to understand the 
biological basis for tree growth, which is dependent 
on below-ground processes and the microorganisms 
living in association with the plants.
Forest trees are world-wide resources that human-
kind has depended upon for fibre, fuel, food, shelter, 
and a living environment for millennia. Coming un-
der greater pressure, this resource requires more and 
more efficient means for growth and management. 
Overall, biotechnological applications using clone 
propagation, markers-aided selection and breeding, 
gene transfer, and beneficial microbes are already 
having an impact on how some trees are being bred, 
propagated, developed, and managed. All can con-
tribute to increasing the efficiency with which we 
produce and use our forest tree resource and thereby 
help make sure this resource is available for future 
generations.
9.4 Precision Forestry by 
Means of Advanced Laser 
Measurements
9.4.1 Precision Forestry
The management of today’s forests has become in-
creasingly complex. In addition to timber produc-
tion, new objectives of forest management have been 
introduced, such as preserving biodiversity, carbon 
sequestration, deforestation estimates, creation of 
recreational opportunities, hunting considerations, 
and many others. Forest management decision sup-
port systems (DSS) have been developed to aid for-
est managers in their difficult tasks. However, in 
Kim Yrjälä and Lu-Min Vaario
When not only microbial communities, but also 
individual microbial species, are identified from 
the rhizosphere, it has been shown that bacteria 
migrate to the plant tissues as well. Plants harbour 
endophytic bacteria so far best known as pathogens, 
but enthusiasm for this particular group of bacte-
ria has arisen because of their beneficial properties 
(Lodewyckx et al. 2002). Endophytic bacteria are 
defined as those bacteria that can be isolated from 
surface-disinfected plant tissues, or extracted from 
within the plant, and do not visibly harm the plant 
(Hallmann et al. 1997). Endophytes are found in 
internal microenvironments of shoots and leaves, 
referred to as the endosphere, and additionally in 
the microenvironment of roots, defined as the endor-
rhiza. At least 82 genera have been detected from 
a broad range of plants, including woody plants 
(Araujo et al. 2002, Bent and Chanway 2002). 
Endophytic bacteria may contribute to the well-
being of the plant, acting as growth promoters 
synthesising phytohormones and enzymes, and by 
fixing atmospheric nitrogen. Potentially, they can 
protect the plant from pathogenic fungi by their 
anti-fungal activity (Compant et al. 2005, Zachow 
et al. 2008).
Box 9.2 Endophytic bacteria to improve fitness of woody plants
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order to utilise all the advanced planning features 
of these systems, accurate and precise information 
on resources is a prerequisite.
The starting point for evaluating a forested area 
must always be the forest inventory data that de-
scribes the area's timber resources, sites, and possible 
values other than those related to timber production. 
If the computational input data are inaccurate, the 
simulation of DSS will produce an unrealistic out-
put and suboptimal solutions. The accuracy of this 
information is strongly dependent on the inventory 
methodology used. To increase wood value and pro-
ductivity in industry, better information on wood raw 
material quantity and quality, combined with logistic 
concepts that integrate transport systems and man-
agement models throughout the wood raw material 
supply chain, will be needed.
Technologies for acquiring spatial forest resource 
data have developed rapidly in recent years. Field-
work has been enhanced by global satellite position-
ing systems (GPS), automatic measuring devices, 
field computers and wireless data transfer, and mod-
ern remote sensing, especially laser-based measure-
ments, which are now able to provide cost-efficient 
spatial digital data that are more accurate than ever 
before. Information obtained by laser scanning and 
digital photogrammetric images will be utilised in-
creasingly.
New technology allows a “Precision Forestry” 
approach. We define precision forestry as a combina-
tion of method by which we are able to accurately 
determine the characteristics of forests, treatments, 
biodiversity preservation, or recreational opportuni-
ties at the stand, plot, or individual tree level, as well 
as using individual tree level assessments for simula-
tion and optimisation models of forest management 
DSS. In the Precision Forestry approach, airborne 
remote sensing (e.g., airborne laser scanning (ALS), 
imaging spectrometer, or digital photogrammetric 
imaging) field-measurements supported by terrestrial 
laser scanning and new positioning technologies and 
data from logging machines are combined and used 
to improve forest inventory and forest management 
planning, as well as logistics of the wood supply 
chain.
9.4.2 State-of-the-Art in Forest 
Inventory
According to Finnish experience, alternatives for 
obtaining input data for DSSs are the measurement 
of standing trees, plot sampling, compartment in-
ventories in the field, remote sensing, and various 
combinations of remote sensing and field measure-
ments. Rough, estate-level data may be obtained by 
interpreting mid-resolution satellite imagery. How-
ever, in order to obtain the compartment- or tree-level 
field measurements, detailed remote sensing, or a 
combination of these two techniques is required. The 
most accurate remote sensing methods provide data 
equivalent in accuracy to that of traditional stand-
wise field inventory. In addition, measurements taken 
by logging machines provide information on felled 
trees.
Measurement of all trees on a strategic-level large 
area forest inventory is economically not possible 
by conventional means. Therefore, a representative 
sample of the total tree population is selected, the 
objective of which is to obtain reliable estimations 
of data for the whole tree population. In the case of 
large forest areas, sampling is based on plots. The 
most common sampling method used is systematic 
plot sampling. In Finland, the methodology used has 
been to combine satellite imagery, digital geographi-
cal information, and field measurements in forest 
inventories. The main idea of these systems is to 
derive forest resource information for smaller forest 
areas in a more cost-efficient manner than solely by 
using field sampling. In the National Forest Inven-
tory (NFI) of Finland, multi-source inventory data 
measured in the field is generalised to mid-resolution 
(Landsat TM) satellite imagery pixels using a non-
parametric estimation (Kilkki and Päivinen 1987, 
Tokola 1990, Tomppo 1990). As an advantage of 
this methodology, it can be pointed out that values 
for all characteristics measured in the field (more 
than 100 in NFI) can be assigned to the interpreted 
pixels simultaneously.
In practice, estimates obtained by multi-source 
NFI can be considered reliable in forest areas larger 
than 100 ha (Tokola and Heikkilä 1995) if the field 
data used as a ground reference represents well 
enough the forests in that region. The accuracy of 
estimates derived from medium resolution satellite 
image interpretations and NFI at the plot level has 
been about 65–100% for mean volume (e.g., Hyyppä 
et al. 2000, Tuominen and Poso 2001), i.e., the ac-
curacy of estimates have not been high enough at 
operational stand-level forest inventories.
Usually, the basic unit of operational stand-wise 
forest planning is the compartment. It is defined as 
a uniform area that can be distinguished by some 
criteria from its surroundings (Poso 1983). In for-
est planning, compartments are usually delineated 
into uniform areas by future silvicultural treatments. 
Other factors taken into account are stand age, pro-
portions of tree species, and ground vegetation. In 
the future, developing remote sensing techniques will 
probably lead to a transition into the use of smaller 
subcompartments or grid cells enabling analysis of 
variation within compartments.
Traditionally, stand-wise inventories have been 
based on the delineation of compartments by visu-
ally interpreting aerial photography and the mea-
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surement of subjectively placed relascope plots in 
the field. Sources of error related to compartment 
inventories are delineation of compartments, placing 
of relascope plots and relascope plot mensuration, 
and model errors. Compartment inventories are sub-
jective by nature and therefore the related sampling 
error variance cannot be estimated without carrying 
out separate control measurements.
During the past ten years, three dimensional (3D) 
methodologies based on digital photogrammetry and 
laser scanning have experienced a major leap in con-
ducting forest inventories. Airborne laser scanning 
(ALS) has been shown to be an accurate remote 
sensing technique for stand-wise forest inventories, 
and provides accuracies ranging between 10 to 30% 
for mean volume of the stand (e.g., Næsset 1997, 
Hyyppä and Hyyppä 1999, Maltamo et al. 2004, 
Næsset et al. 2004), and is far more accurate than 
other automatic remote sensing-based techniques 
(e.g., Hyyppä and Hyyppä 1999). The current data 
acquisition and processing cost is less than that of 
conventional stand-wise field inventory. Overviews 
of laser scanning technology can be found in Baltsa-
vias (1999), and for using ALS in forest inventory in 
Næsset et al. (2004) and Hyyppä et al. (2009).
Measurements of the individual trees would be 
the ideal method for acquiring initial forest data. 
Unfortunately, traditional methods for acquiring tree 
level forest data are too time-consuming and costly 
to be adopted in practical forest mensuration. In ad-
dition to ALS, terrestrial laser scanning (TLS) and 
vehicle-based laser scanning (VLS) methods may 
provide measurements on individual trees in larger 
forest areas in the future. More detailed description 
of ALS, TLS, and VLS inventory methodology can 
be found in Box 9.3 and in Appendix 9.1.
9.4.3 Future Possibilities of Laser Mea-
surement-Based Precision Forestry
Operative Forest Planning and Timber Harvesting
Forest inventory data in Finland, on which all plan-
ning activities rely, are currently acquired using 
stand-wise field inventory to homogeneous com-
partments typically having an area of 0.5–3 ha. The 
stand-wise inventory consists of delineation of a for-
est area into separate units, or forest stands. Each 
stand is further stratified into tree species strata and 
mean characteristics, including the basal area; mean 
height and mean diameter are estimated based on 
subjectively placed relascope sample plots on each 
stand.
Almost half of the total cost of stand-wise forest 
inventory consists of field measurements (Holopain-
en and Talvitie 2006). The main attributes driving the 
planning process are total stem volume, basal area, 
and mean height, for which the required accuracy 
(relative standard error) is approximately 15%. How-
ever, in practice, accuracy at the stand level ranges 
from 15% to 40% in boreal areas, depending on 
the heterogeneity of the forest (Poso 1983, Haara 
2005). The stem volume for each tree species is ob-
tained with significantly lower accuracy. In addition, 
stand-wise inventory often contains significant bias 
(0–25%), which varies with the person doing the in-
ventory. If the stand-wise approach is used in tropical 
or temperate forest areas, accuracy is lower because 
of more heterogeneous forest structure.
Many forest organisations have adopted con-
tinuous updating as a part of their forest planning 
procedures. In the continuous updating, stand-wise 
forest inventory data act as a starting point. After the 
inventory, stand development and effects of silvicul-
tural treatments are simulated using various models. 
In computational stand data, updating the quality of 
the input data describing the stand’s present state 
has a decisive impact on the reliability of the output 
results (e.g., Haara 2005). When making decisions on 
the basis of updated stand data, it is important to be 
aware of the quality and reliability of the data in order 
to be able to take into account possible risks. Because 
of errors inherent to the stand-wise field inventory 
data, the reliability of current updated stand data is so 
poor that trustworthy treatment propositions cannot 
be made without field controls.
Economical Valuation of Forests
The economical value of forests is crucial information 
for landowners and various forestry organisations. 
Estimates of the value of forest estates are needed for 
many purposes, including real estate business, land 
divisions and exchanges, and for considering forestry 
investment. The need for determining the value of 
forests has become more important since forests are 
increasingly considered as one possible investment 
outlet among other real or financial assets. Inter-
national Financial Reporting Standards (IFRS) also 
require that forest enterprises present systematically 
computed estimates of the value of their forested land 
annually. The methodologies used for assessing for-
est value vary among companies and organisations. 
Probably the most common method currently used 
for assessing forest estate value is computing the 
net present value (NPV) based on predicted future 
cash transactions. The sales comparison approach, in 
which the forest property market value is derived by 
comparing the property to recently realised transac-
tions that resemble the property as much as possible, 
is also used to some extent.
Reliable inventory data are essential for forest 
planning and valuation of a forest estate. In assessing 
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the state of a stand, the estimates may differ signifi-
cantly from the real situation due to the inventory 
method used. More information on the economic 
valuation of forests is presented in Box 9.3.
Estimation of Biomass, Growth and 
Forest Damage
Forest growth and site productivity are also essen-
tial variables for forest management and planning, 
particularly in assessing the economical, ecological, 
or recreational values of a forest stand. Box 9.3 in-
troduces more detailed information on ALS utilisa-
tion for measuring forest growth, and Appendix 1 
contains additional information on laser applications 
in forest inventories.
Box 9.3 also describes additional considerations 
for the use of remote sensing (satellite imaging, 
digital aerial photography, and ALS) for estimating 
biomass and forest damage variables, which are es-
sential data, particularly in forest inventories, plan-
ning, and valuation analyses. Increased damage to 
forests resulting from global climate change, such as 
invasions by alien species or infestations by insects, 
are just two of the likely results of global climate 
change. Successfully dealing with these is indicative 
of the great environmental challenges we face today. 
It is extremely important that we have the tools and 
models that enable us to predict changes in the dis-
tribution of organisms and carry out the ecological, 
forest, and biological research that we need to do.
Markus Holopainen and Juha Hyyppä
Operative forest planning and timber harvesting
Most of the ALS (Airborne Laser Scanning) re-
search in forest inventory has focused on the estima-
tion of mean characteristics, such as plot or stand 
mean height or mean volume. However, from the 
standpoints of operational forest planning, timber 
harvesting, and forest value assessment, the predic-
tion of species-specific assortment out-turn volumes 
is by far the most essential issue. For example, the 
economic value of a forest stand cannot be accu-
rately determined on the basis of total stem vol-
ume only. Instead, information on tree species and 
stem distribution is required to reliably determine 
the distribution of the total stem volume in various 
timber assortments.
First studies to obtain tree species- or timber 
assortment-specific estimates by means of low-
pulse ALS data were undertaken by Packalén and 
Maltamo (2006, 2008), Peuhkurinen et al. (2008) 
and Holopainen et al. (2010c). All of these studies 
showed that tree species- or timber assortment-
specific estimates can be obtained by means of 
ALS inventory, but with lower accuracy than total 
volume.
In the future, very interesting option is the inte-
gration of ALS, TLS (Terrestrial Laser Scanning) 
and VLS (Vehicle Based Laser Scanning) data. 
Vehicle-based laser scanning mounted on a logging 
machine can be used to make a local tree map that 
contains information about individual tree stems. 
This information can be integrated with airborne 
data, giving good quality information from tree 
heights, positions, and crown characteristics; and 
with terrestrial data giving high accuracy measure-
ments of selected plots. Since ALS and TLS are 
used to produce a basic inventory at the individual 
tree level, the real-time processing of VLS data from 
logging machines allows updating of the inventory 
data in real-time. Updating is needed, since ALS 
is not capable of accurately collecting stem curve 
and diameter, and sampling of diameter with TLS 
can result in too-high averaging of the data. After 
real-time updating and harvesting of a couple of 
trees, the updated inventory data can be used for 
the precise selection of trees to be cut; it also helps 
in the bucking of stems. VLS and ranging systems 
on the logging machine can also be used to help in 
improving the location information of the machine. 
The matching of VLS-derived trunk positions to 
ALS-derived trunk positions results in significantly 
higher accuracy in positioning, which is currently 
one of the information bottlenecks in the process.
Economical valuation of forests
Forest inventory data accuracy has a decisive impact 
on the success of forest-planning computations and 
determination of forest net present value (NPV). 
Errors in inaccurate inventory data increase in mag-
nitude during the execution of long model chains 
and cause significant output errors. The longer the 
reference period, the larger the output errors; thus, 
inaccurate input data are especially problematic 
in the case of forestry yield value determination 
throughout the rotation period. In addition, inaccu-
rate input data cause significant non-optimal losses 
in forest planning and forest silviculture if the tim-
ing of various treatments fails due to erroneous input 
data. This aspect can be studied using cost-plus-
loss analyses in which the expected losses due to 
Box 9.3 Laser measurement-based precision forestry
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non-optimal decision-making are added to the total 
forest inventory costs. The cost-plus-loss approach 
was widely utilised in recent forest inventory- and 
planning-related research (e.g., Holmström et al. 
2003, Eid et al. 2004, Holopainen and Talvitie 
2006). Holopainen and Talvitie (2006) concluded 
that as a result of better inventory accuracies, 3D 
remote-sensing methods and stand-wise methods 
always produced better results than the 2D method 
when NPV losses were accounted for.
Holopainen et al. (2009) studied the sensitivity 
of tree- and stand-level forest management planning 
systems to the accuracy of the tree and stand level 
input data sources. They showed that input data 
accuracy had a significant influence on the timing 
of thinning and clear-cutting, and on predicting the 
net income of forest stands. They also concluded 
that the highly accurate height information obtained 
by ALS could not be fully utilised in either tree- 
or stand-level forest management planning simula-
tions.
Holopainen et al. (2010a) compared the relative 
importance of various sources of uncertainties in 
determining the NPV of forest stands and forested 
property. They showed that errors in the growth 
projections and the quality of inventory data con-
tributed more to the variation in stand net present 
value than did fluctuation in timber price. In ap-
plying the methodology developed, the effect of 
various sources of uncertainty on the outcome of 
forest NPV computation can be taken into account 
and confidence intervals can be set for the output 
results. The study also resulted in information on 
which uncertainty sources to focus attention to in-
crease the certainty of the output results. This is 
currently needed because new ALS-based inventory 
methodologies are being used in operative forest 
planning.
Forest growth
Laser-based methods for measuring forest growth 
are relatively simple in principle. The height growth 
can be determined by several means: from the dif-
ference in the height of individual trees determined 
from repeated measurements (Yu et al. 2004) (see 
Figure 9.3), from height difference of repeated 
digital surface models (DSMs), from repeated 
height histograms (Næsset and Gobakken 2005), 
or from difference of the volumes of individual 
trees (Hyyppä et al. 2009). The changes in forests 
that affect the laser scanning response include the 
vertical and horizontal growth of crowns, the sea-
sonal change of needle and leaf masses, the state 
of undergrowth and low vegetation, and the trees 
moving with the wind (especially for taller trees). 
The technique applied should be able to separate 
growth from other changes in the forest, especially 
those due to selective thinning or naturally fallen 
trees. The difference between DSMs is assumed to 
work in areas with wide and flat-topped crowns. In 
coniferous forests with narrow crowns, the tree top 
displacement between two acquisitions can be sub-
stantial, for example, due to wind. Height histogram 
changes also include changes from thinnings.
Yu et al. (2005) showed that height growth for 
individual trees can be measured with an accuracy 
better than 0.5 m using multi-temporal laser surveys 
conducted in a boreal forest zone for a four-year 
time series and higher point density. Laser data can 
also be used for change detection. Yu et al. (2004) 
examined the applicability of airborne laser scan-
ners in monitoring harvested trees using datasets 
with a point density of about 10 pts/m2 over a two-
year period. The developed automatic method used 
for detecting harvested trees was based on image 
differencing.
Estimation of biomass and forest damage
The increase of forest damages and invasions by 
forest insects has been seen to be related to the 
global changes in the climate. Biological invasions 
and climate change are two of the components of 
global change comprising the greatest environmen-
tal challenges of today. Prediction of the changes 
in the distribution of organisms has become a topi-
cal issue in the ecological, forest, and biological 
research.
Remote sensing, such as optical and microwave 
satellite imaging, digital aerial photography, and 
ALS, is at its best in various forest monitoring tasks. 
Detailed remote sensing (aerial photographs and 
ALS) can also be well applied to the assessment 
and monitoring of forest health, either on the stand 
or single tree levels.
Hyyppä et al. (2010) studied the capability of 
TLS to derive changes on the standing tree biomass 
and defoliation degree by destructive, consecutive 
defoliation operations. Biomass changes of pine 
(Scots pine) and spruce (Norway spruce) trees were 
shown to be highly correlated with the number of 
hits in the TLS point cloud. The results explain 
why ALS is effective for stem volume estimation, 
since the number of hits recorded by ALS is most 
probably highly correlated with the biomass, and 
especially needle and branch biomass, which, in 
turn, are correlated with stem volume. Future test 
are needed to verify this, but we assume that laser 
measures of tree height, crown area, and biomass of 
needles and branches, are of a very high quality.
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Input Data for Tree and Stand Level Forest Models
Terrestrial laser scanners have the potential to revolu-
tionise measurement of the vegetation canopy struc-
ture by making rapid, semi-automatic measurements 
of key biophysical variables with unprecedented 
levels of accuracy. Variables such as leaf-area in-
dex, vertical foliage distribution, and tree-level data 
(stem curve, volume, diameter, biomass, tree species, 
branch orientation, crown height, tree height) can 
be determined from the TLS data. Terrestrial laser 
scanning can also be used in a multi-temporal way 
to produce a time series of these canopy components 
and their changes over time.
9.4.4 Conclusions on Laser Measure-
ment-based Precision Forestry
The world’s forestry is facing old and new challenges 
for which laser technology and precision forestry 
could help to address some of the bottlenecks in 
information. The most fundamental contribution 
these bring is to provide means to more accurately, 
more objectively, and more efficiently measure and 
monitor the quantity and quality of forest biomass. 
By doing this, the technology can help to answer the 
many information needs we have related to forests. 
Next, we summarise a few of the economical and 
ecological benefits that could be achieved by ap-
plying the concepts of precision forestry previously 
discussed.
Precision forestry can be applied to increase the 
efficiency and information basis of existing national 
forest inventories and operational forest management 
planning. The logistics chain from forests to end 
products can be planned in higher detail. In addi-
tion, precision forestry allows certification of wood 
origin, since the location of every stem is recorded 
by forest inventory and logging machines, and up-
dated to maps.
Accurate information on stem dimensions and 
quality will aid in optimal cutting of stems, maximis-
ing the value of the stem for both forest owners and 
raw material buyers, and result in better knowledge 
of the value of forest resources, both as a source for 
industrial raw material and as a provider of other 
services.
Besides the local and national requirements dis-
cussed above, there are also increasing demands for 
global forest assessments. One of the most acute 
and important applications would be to enhance the 
implementation of the REDD (Reducing Emissions 
from Deforestation and Degradation) program. The 
program aims to generate resources that would help 
to significantly reduce global emissions from de-
forestation and forest degradation. These resources 
would be used to create incentives to ensure actual, 
lasting, achievable, reliable, and measurable emis-
sions reduction while maintaining and improving 
the other ecosystem services forests provide. The 
countries and institutions that are financing these 
operations need information to verify that the ac-
tions being financed are actually implemented in 
the forests, and that the results can be monitored. 
For these purposes, precision forestry can provide a 
valuable tool, especially when biomass estimations 
and detection of changes are needed.
ALS is carried out at relatively low altitudes, 
which makes it relatively expensive per area unit. 
Other remotely sensed data will still be needed, espe-
cially when updated information is required several 
times per year in large forest areas. Of special inter-
est are inexpensive images with favourable temporal 
resolutions that can be utilised in multiphase sam-
pling and change detection in addition to the ALS 
measurements. A major advantage of radar images, 
compared with optical region satellite images, has 
been their ready availability (temporal resolution) 
under all imaging conditions. This makes radar 
imaging, especially the Synthetic Aperture Radar 
(SAR) carried by satellites, an intriguing option in 
developing methods for operational inventorying and 
monitoring of forest resources of large forest areas 
(e.g., Holopainen et al. 2010b).
In addition to integration of ALS and SAR data, 
future space-borne laser systems, probably in orbit 
within the next decade, are interesting options that 
will increase the possibilities to employ the precision 
forestry concept at the global level.
The costs of precision forestry described here are 
close to the traditional stand-wise inventory methods, 
about EUR 10 /ha, depending on the implementa-
tion. It is more costly than current area-based laser 
inventory, which costs about EUR 5–6 /ha. All re-
mote sensing and field-based forest inventory tech-
niques are less accurate in heterogeneous forests, 
such as in the tropics, but laser-assisted techniques 
are cost-effective compared to traditional field-based 
measurements.
Precision forestry technology is, however, com-
paratively expensive and its implementation requires 
human resources and institutions with the appropri-
ate knowledge to use the technologies, all of which 
may be lacking in developing countries. Thus, in 
order to implement REDD or other programs, the 
technology transfer issue needs to be solved. Tech-
nology transfer must be a prominent consideration 
in helping solve the challenges we face in managing 
forests, locally, nationally, and globally.
By using more detailed information on forest re-
sources, we can intensify the use and conservation 
of forest resources, as well as numerous practical 
forestry applications. It also brings new points of 
views to forest science. The more detailed informa-
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tion of forest resources can be utilised in more de-
tailed development of models, which can be applied 
in analyses of scenarios of global climate change 
studies. Precision forestry can be seen as a linking 
factor for a variety of forest sciences, and is also a 
connection between forest sciences and surveyors 
responsible for land use planning.
9.5 Conclusions and 
Policy Implications
The development of the global forest sector is mar-
ried to technological development and the socio-eco-
nomic context that facilitates technology diffusion. 
Indeed, technological development has often been 
the activator of “creative destruction” in the forest 
sector. The concept of creative destruction was pio-
neered by Schumpeter (1942), and it refers to the 
process of transformation in which an established 
economic structure is destroyed by the emergence 
of a new, improved structure. The history of techno-
logical development, and the examples introduced 
in this chapter, illustrate that technology can act as a 
catalyst that destructs old economic structures while 
simultaneously providing new opportunities that help 
to create new, more viable structures. What exactly 
do we mean by this?
An analysis of the development of information 
and communication technology shows that electronic 
media is replacing printing and writing paper con-
sumption, and this, in turn, is resulting in the closure 
of pulp and paper mills. This has been the case par-
ticularly in the traditional big forest industry coun-
tries, such as Canada and the USA and the Nordic 
countries. However, at the same time, the develop-
ment of ICT clearly is essential for the advances that 
are taking place such as those in biotechnology and 
precision forestry-based laser technology, the other 
two examples presented in this chapter. As discussed, 
both of these technologies are creating many new and 
important opportunities that enhance the prospects 
for the forest sector globally.
The better we understand the nature of techno-
logical development and its numerous impacts, both 
current and potential, the better prepared we are to 
meet the inevitable changes that such development 
brings. Within this context, it is important to stress 
that as important as is the technology itself, so are 
the social needs, policies, and institutional settings 
that drive and define technology development. For 
example, in the box on forest biorefinery (Box 9.1 
in section 9.1.2), it was demonstrated how the needs 
and policies related to climate change and renew-
able energy are driving the development. Just to give 
one example, policies requiring mandatory biofu-
els shares in transportation play an essential role in 
creating incentives to develop new technologies in 
forest biorefineries.
The above discussion illustrates at least three 
things. First, studying technologies and their im-
pacts to the forest sector is important. This requires 
forecasting the technological trends and their likely 
impacts on the forest sector. Secondly, technologi-
cal and innovative developments are closely tied to 
general socio-economic development. The extent to 
which there is a need in society for new technology 
and innovation (demand-pull) is as important as basic 
R&D in the hardware technology development (sup-
ply-push). A part of the demand can originate from 
the policy. This is, for example, currently the case 
with respect to renewable energy and climate change 
policy, both of which also encourage technological 
development in forest-based energy and materials. 
The latter factor brings forward the third important 
factor in technological development: it depends on 
what types of policies governments implement.
New technologies and innovations applied to the 
forest sector are increasingly needed to enhance sus-
tainability. Since the early 1990s and the Rio Confer-
ence, there has been a re-orientation of economic and 
social activities towards sustainability. This trend has 
been labelled in the technological change literature 
as a process of sustainable socio-technical change, 
industrial transformation, and technological transi-
tions (Hekkert and Negro 2009). In this literature, 
the emphasis is on the development of new poli-
cies, institutional changes, and wide-reaching system 
changes that transform societies away from unsus-
tainable patterns to sustainable ones.
In the forest sector, the above line of thinking has 
materialised in new technology-driven innovation 
programs. For example, in North America and Euro-
pean Union countries, new forest sector-related tech-
nology programs have been started in recent years. 
The background and motivation for these programs 
stems from the structural change taking place in the 
forest sectors in these countries. Given this state of 
things, the forest sectors in these countries seek to 
innovate and re-direct their businesses in ways that 
provide new benefits from their forests. For example, 
forest biorefinery products and the merging of wood-
fibre manufacturing with ICT and nanotechnology 
can provide opportunities for new products, such as 
forest biomass-based biodiesel and woodfibre-based 
hybrid media products. Thus, it is again the socio-
economic context that is driving the need to create 
new technologies and products that utilise forests. 
This also puts the need for studying and analysing 
technological development at the centre.
Technology, as such, is universal. For example, 
petrol and diesel engines were developed in Ger-
many, but are used everywhere today. However, in 
practice, there may be long time lags before tech-
nology travels from one country to another. Also, 
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different cultures may adapt differently to a given 
technology. Therefore, institutional settings, prac-
tices, and policies may hinder technology transfer 
between countries. This is particularly relevant in 
the context of technology transfer from industria-
lised countries to developing countries. Typically, 
new technology is, to a great extent, developed in 
high-income countries, which are better placed for 
this development in terms of financial resources and 
scientific and technical know-how.
To some extent, a mirror image of the technology 
transfer issue is the issue of traditional knowledge 
transfer for generating new opportunities for tech-
nological innovations and adaptation. Traditional 
knowledge can be understood to encompass the set 
of information, wisdom, practical skills, innovations, 
beliefs, arts, spirituality, and other forms of cultural 
experiences that belong to specific indigenous or lo-
cal communities (Ingold 2000, Simeone 2004). Their 
knowledge is often embedded in a cosmological vi-
sion and bound to ancestral landscapes based on 
their life experiences over thousands of years. It is 
customarily transmitted from generation to genera-
tion in oral communications through specific cul-
tural mechanisms such as stories, practices, rituals, 
proverbs, folklore, religious tales, and other means 
in the frame of a holistic approach. The knowledge 
is shared by the community, or certain individuals 
within the community, and is considered as a col-
lective asset. Traditional knowledge is intrinsic to 
societies in both high- and low-income countries, but 
it is in the latter where it tends to play a particularly 
strong role today.
This chapter has only just touched on the above 
issues. Given that over 80% of the world’s population 
is living in the low-income countries, the technology 
transfer and traditional knowledge issues are of major 
significance for the bulk of the world’s population. 
These two issues are also very much policy related, 
since policies and institutions are likely to play major 
roles in overcoming some of the obstacles related 
to them. Consequently, it is warranted to discuss in 
some more detail what types of issues technology 
transfer and traditional knowledge bring forward.
Technology transfer can be defined as the process 
of sharing of knowledge, technologies, skills, and 
methods to ensure that scientific and technological 
developments are accessible to a wide range of us-
ers. An environment and institutional setting that 
encourages the adoption of new technology by new 
group(s) of users is needed for successfully mobilis-
ing technology and innovations from developer to 
“appliers.” That requires, in practice, a favourable 
institutional setting that encourages and endorses 
the flow of new knowledge and innovations through 
proper information channels, education and train-
ing, commercialisation by market mechanisms, and 
human and/or material resources support. Such a 
setting is normally provided by bilateral or multilat-
eral international cooperation between countries and 
institutions, international initiatives, or by markets.
In order to illustrate what types of challenges 
may arise with technology transfer, consider the 
laser technology used for forest inventory, and its 
possibilities in helping to implement the REDD pro-
gramme. REDD stands for the United Nations Col-
laborative Programme on Reducing Emissions from 
Deforestation and Forest Degradation in Developing 
Countries (UN-REDD Programme). The program 
aims to generate resources that will help to signifi-
cantly reduce global emissions from deforestation 
and forest degradation. These resources would be 
used to implement payment structures and capacity 
support for developing countries so that they can 
create the incentives to ensure actual, lasting, achiev-
able, reliable, and measurable emission reductions 
while maintaining and improving the other ecosys-
tem services that forests provide.
Clearly, one essential part of being able to imple-
ment REDD, in practice, would be the ability to re-
liably monitor the actions and results in the forests 
resulting from the program. For this purpose, the 
laser technology and precision forestry could offer 
important tools.
Technology transfer is essential to overcome 
the existing asymmetries in the international arena, 
where rich and poor countries, wealthy and deprived 
organisations and individuals cohabit, and which of-
ten play the roles of providers and consumers of new 
technological development. Barton (2007) argues 
that the world is rapidly changing, and nowadays we 
can identify a number of developing nations that have 
become much more technologically sophisticated. 
He states that in a globalising world, the interna-
tional relations and trade has spread, and economies 
of scale favour production facilities that serve more 
than one nation. He exemplifies these changes by 
referring to the “BRIC” (Brazil, Russia, India, and 
China) countries, which are likely to become not only 
a larger force in the global economy, but also major 
technology developers. However, the conventional 
North-South dichotomies are still a clear prevailing 
hindrance in many processes of finding a niche for 
emergent development initiatives and/or in inter-
national cooperation processes and trade arrange-
ments. Climate change dialogues and agreements 
are good examples in which technology transfer is 
one of the four essential pillars of the negotiations, 
together with mitigation, adaptation, and financial 
measures.
There is a clear need in developing countries to 
enhance their technological capacity-building, and 
thus develop robust and competitive industries at the 
world level to allow them to face the challenges of 
building successful industrial branches and activi-
ties. This process involves the challenge of creating 
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viable activities by upgrading technologies, or de-
veloping new technologies with a view to enhanc-
ing their productivity and staying financially viable 
on the frame of a sustainable national development 
(UNCTAD 2003).
It has been noted that there is a need to expand at-
tention to, and recognition of, the traditional knowl-
edge that people have of their environment, in par-
ticular of the local ecological relationships of flora 
and fauna with other natural resources. This knowl-
edge, embedded in local experiences, has allowed 
people to respond to changing circumstances with 
flexibility and skilful adaptability (Colfer 2005). The 
same author has argued that it is time to expanding 
our current worldwide view, which is the result of the 
prevailing reductionist scientific method, with tradi-
tional ways of seeing and understanding the world. 
It would be beneficial to encourage and seek new 
ways of integrating these diverse approaches – both 
traditional and modern – of knowing and adapting 
to the changing conditions (Colfer 2005). There are 
positive experiences that have been carried out in 
this perspective, and a few can be cited, such as the 
development of forest management plans combining 
high-tech tools and traditional knowledge in Zambia 
(Polansky and Heermans 2004), and the support of 
forest preservation in Ecuador (Becker and Ghimire 
2003).
Clearly, there is a need to more closely analyse 
the technology transfer and traditional knowledge 
issues, and their roles in the development of forest 
sector technology. Yet, this need points to an even 
wider lack of knowledge. With a few exceptions, 
there has been a general lack of research on the im-
pacts of technological change to the forest sector. 
Given the importance of this issue, there is clearly 
a need for more activity on this front. Hopefully, 
the present chapter, for its part, helps to encourage 
further studies in the field.
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Basics of using remote sensing for forest  
measurements
The images produced by Earth observation satel-
lites or aerial imaging systems are utilised in forest 
inventories by assuming that from these images it 
is possible to calculate features that correlate well 
with forest stand characteristics. The images may 
have multi-spectral (in optical imagery, you receive 
several channels depending on the received wave-
length range), multi-polarisation (in radar systems, 
you can receive signals in several separate polarisa-
tions), multi-temporal (measurements taken at dif-
ferent acquisition times), and multi-frequency (in 
radar, instead of multi-spectral, multi-frequency 
measurements are applied) properties.
Airborne laser scanning
Small-footprint airborne laser scanning (ALS) is 
a method based on laser (Lidar) range measure-
ments from an aircraft and the precise orientation 
of these measurements between a sensor (the posi-
tion of which is known by using a differential-GPS 
technique) and a reflecting object, the position of 
which (x, y, z) is to be defined. The ALS gives the 
georeferenced point cloud, from which it is possible 
to calculate digital terrain models (DTM), digital 
surface models (DSM) corresponding to tree tops, 
and 3D models of an object (e.g., Canopy Height 
Model CHM, normalised DSM), which are the main 
products used for laser-assisted forest measurements. 
The two main approaches in deriving forest informa-
tion from small-footprint ALS data have been those 
based on laser canopy height distribution (reported 
by Næsset 1997, 2002) and individual tree detection 
(reported by Hyyppä and Inkinen 1999). In the for-
mer method, percentiles of the distribution of laser 
canopy heights are used as predictors to estimate 
forest characteristics. By increasing the number of 
laser pulses per square metre, individual trees can be 
recognised. By analysing the canopy model by using 
pattern recognition methods, it is possible to locate 
individual trees, determine individual tree heights, 
crown diameters, tree species and, by using that data, 
to derive the stem diameter, age, development class, 
basal area, and stem volume for each individual tree. 
There have also been attempts at integrating ALS 
data with aerial imagery (e.g., Leckie et al. 2003), 
since digital aerial photos provide more details of the 
spatial geometry, and more colour information that 
can be used for classifying tree species and health.
Terrestrial laser scanning
Fixed-position (mounted on a tripod) terrestrial la-
ser scanners offer a high potential for 3D mapping 
of smaller areas with high detail. The principle of 
terrestrial laser scanning (TLS) is simple – a highly 
collimated laser beam scans over a predefined solid 
angle in a regular scan pattern and measures the time 
of flight of the laser signal. The scanning range of the 
middle-range terrestrial system allows distance mea-
Appendix 9.1 New precision forestry-related technologies
Figure 9.6  A 150-m-long and 6-m-wide cross-section produced from ALS point cloud 
taken at two times: white in summer 2003 and grey in summer 1998. The change 
of point clouds indicates removal of trees and growth of small trees (Copyright 
Xiaowei Yu, Finnish Geodetic Institute).
Figure 9.5 Forest measured two times by TLS: be-
fore and after harvesting. The trees having only red 
point clouds represent harvested trees (Copyright 
Harri Kaartinen, Finnish Geodetic Institute).
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surements between 2 and 800 meters. The potential 
of TLS is supported combining digital imagery. TLS 
has been used for detailed modelling of individual 
trees and canopies. Using TLS for plot-level inven-
tories offers a fast and efficient means of determin-
ing basic tree parameters, such as the number and 
position of trees, diameter at breast height (DBH), 
and tree height, after the automation of the data pro-
cessing has been solved properly. The use of multiple 
scans for plots requires registration of these scans. 
The use of single scans results in lower capability 
to reconstruct individual tree trunks.
Vehicle-based laser scanning
A vehicle-based laser scanning (VLS, mobile laser 
scanning, mobile Lidar) system is a modification of 
the ALS. It resemble ALS by having a laser scanner, 
a GPS receiver, an IMU and preferably camera(s), 
but it is operated from the top of the moving ground 
vehicle, such as car or a harvester, and it is used for 
shorter distances. Due to shorter operating distances, 
it can more easily have a higher pulse rate than an 
ALS. At present, it is possible to use software and 
methods developed for terrestrial and airborne laser 
scanning, but due to different scanning geometry, 
changing point density as a function of range and 
the fast processing needed, algorithms for VLS data 
processing need to be developed separately. The VLS 
also provides new possibilities to monitor city for-
ests. Currently, there is work towards characterisa-
tion of the quality of city trees with the VLS.
Field data acquisition using logging machines 
and GNSS
Another new and interesting ground-truth data source 
is stock data recorded on logging machines. Modern 
logging machines are commonly equipped with GIS 
software and GPS devices, enabling data on each 
harvested tree to be positioned to an accuracy of 
a couple of metres. By combining harvested stock 
data with GPS positioning data, valuable ground-
truth data on harvests and changes in forest resources 
can be efficiently obtained. Rasinmäki and Melkas 
(2005) introduced a method that can be used to es-
timate the tree composition and volume of arbitrary 
subdivisions of a harvested stand. The average root-
mean-squared-error of the volume estimates varied 
from 4% for 0.4 ha subregions to 29% for 0.03 ha 
subregions. The development of a stem database for 
aggregating stem data after collecting has been initi-
ated in Finland. One of the uses of the stem database 
could be as ground-truth data based on reference 
stands. Stem databases are now being compiled ex-
tensively by Finnish forest enterprises.
The major problem of using VLS technology 
with harvesters is the GPS signal shadows in forests; 
improvements to current positioning technologies are 
needed to fully use it with harvesters. In future, the 
Global Navigation Satellite System (GNSS) consist-
ing of GPS, Russian GLONASS, European Gali-
leo, and Chinese COMPASS, will provide improved 
accuracy in forested regions due to the increase in 
visible satellites. Also, improvements of personal 
positioning technologies will help in achieving the 
potential benefits of harvester technology to forest 
inventory.
Figure 9.7 Representation of a point cloud collected with VLS from 
a city area. City trees are well characterised (Copyright Antero 
Kukko, Finnish Geodetic Institute).
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Abstract: The role of global forests as an energy source is increasing. The use of 
woody biomass for power, heat, and transport fuels can vitalize the forest sector and 
link it more closely with the energy sector regionally and globally. Particularly in the 
northern hemisphere the accumulating growing stock allows the more intensive use of 
forest biomass for biofuels. Forest-based energy production can reduce the use of fossil 
fuels and reduce greenhouse gas emissions. The over-utilisation of forest ecosystems, 
however, can jeopardise the sustainable development of forests and societies depen-
dent on forests. Therefore, forest energy policies have to be based on the principle of 
sustainable development, ensuring both economic and environmental longevity in the 
use of the resource. The forest research and development organizations are challenged 
to conduct multidisciplinary work that links high quality economic, ecological and social 
research with the operational practices of bioenergy production. This is essential to 
respond to rapidly increasing information needs regarding the role of forests in the 
global energy supply.
Keywords: bioenergy, biofuels, wood-based fuel, sustainability
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GLOBAL SOCIO-ECONOMIC CHANGES
10.1 Energy – Main Product of 
Forests
Mitigation of climate change, the scarcity and high 
price of fossil fuels, and securing the energy supply 
have brought forests and other bioenergy sources 
into focus in the global energy discussion. The use 
of woody biomass as an energy source has a long 
tradition. In fact, wood has been the most important 
energy source for humankind, excluding the short 
industrial era that began in the 18th century. This 
chapter outlines and discusses the potential opportu-
nities and constraints on global forests as a sustain-
able source of renewable energy.
In this discussion, “wood fuel” is any solid or 
liquid fuel made from wood. This term is used in-
terchangeably with “biofuels,” which are any solid 
or liquid fuels made from biomass. “Fuelwood” is 
unprocessed sticks, branches, and logs (split or un-
split) that are burned as firewood. Strictly speaking, 
“biomass” is any unprocessed organic material from 
forests, including roundwood, branches, tops, and 
stumps, but is often used to refer to non-roundwood 
material (harvesting residues) destined for process-
ing into biofuels (but when costs are low, roundwood 
is sometimes also processed into biofuels instead of 
traditional forest products).
Total global wood consumption in 2007 was 3.6 
billion m3, with over 50% of this (1.9 billion m3) 
being used for wood fuel. Globally, it is estimated 
that 36.2 EJ of the world’s energy production comes 
from trees and shrubs: ~30 EJ from traditional fuel-
wood, 3 EJ from charcoal production, and only 1 EJ 
from modern solid biofuels, such as pellets and chips 
(Sims et al. 2007). There is great variation within and 
between countries and continents in the proportions 
of wood used in the forest industry as roundwood 
compared to wood fuel for energy: 90% (603 mil-
lion m3) of total roundwood production (672 million 
m3) was used as wood fuel in Africa, whereas only 
21% (153 million m3) of total roundwood production 
(728 million m3) was used as wood fuel in Europe 
(FAOSTAT 2009).
Current global energy consumption has doubled 
since the early 1970s, and its accelerating rate of 
growth is evident in the ~20% increase in consump-
tion in only the first eight years of the current mil-
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lennium (IEA 2008). Although fossil fuels (oil, coal, 
and natural gas) account for over 80% of global en-
ergy consumption (Figure 10.1), renewable fuels, 
including biomass, have maintained their market 
share (10%) over the decades. Areas of the world that 
depend on imported fossil fuels to meet their energy 
needs will be very vulnerable if exportation policies 
or international crises affect supplies. In addition, 
fossil fuel production and consumption are a major 
source of greenhouse gas (GHG) emissions, and are 
thus a significant contributor to climate change.
Reducing greenhouse gas emissions is essential, 
and nations are implementing policies to meet their 
commitments to international goals for mitigating 
climate change. These include increased interna-
tional cooperation, energy conservation, more ef-
ficient use of energy, and development of alternative 
energy sources. Within this context, the efficient use 
of wood biomass as a renewable energy resource is 
one favourable strategy for substituting use of non-
renewable fossil fuel energy resources.
In developing countries, wood fuel often con-
tributes to over 50% of final energy consumption, 
and is usually directly combusted as either firewood 
or charcoal. For example, 53% of Senegal’s final 
energy consumption in the early 2000s was of fire-
wood and charcoal (IDA 2007). However, large-scale 
charcoal production can cause severe environmental, 
economic, and social problems. In Senegal, forest 
cover diminished by 30 000 ha/year and the resultant 
degradation of the rural environment led to migration 
to cities and to a reduction in the capacity of forest 
ecosystems to sequester carbon (IDA 2007). Alter-
natively, good management of fuelwood plantations 
contributes to the sustainable long-term supply of 
woody biomass for energy production. For example, 
plantation-based charcoal production has replaced 
fossil carbon (coke) in some industrial processes, 
such as parts of the pig iron industry in Brazil (PCF 
2002).
In countries with well-developed forest indus-
tries, much of the wood-based energy generation 
takes place within sawmill and pulp sectors, often 
using waste industrial by-products for fuel. Energy 
has become an increasingly important forest product 
because of the rise in global energy prices since the 
beginning of this millennium and concurrent weak-
nesses in traditional forest product markets. This has 
driven companies to look for cost-savings through 
generating their own energy, and diversified markets 
through the sale of energy outside of the forest sec-
tor. For example, industrial by-products from the 
forestry sector accounted for 88% of the 259 PJ of 
wood-based energy generation in Finland in 2007 
(METLA 2008); more than half of this (158 PJ) was 
generated from waste liquors from the pulp industry, 
and more than another quarter (69 PJ) came from the 
sawmill industry.
10.2 Drivers of Intensive Forest 
Energy Utilisation
10.2.1 Mitigation of Climate Change
The need to mitigate climate change through reduced 
GHG emissions from fossil fuels is a major motiva-
tion for increasing the utilisation of forest-derived 
bioenergy. Fossil fuels can be partly substituted by 
wood in energy production. Whereas fossil fuels 
are non-renewable and the carbon they release to 
the atmosphere contributes to an increase in carbon 
dioxide (CO
2
) concentration, the new forest growth 
after harvesting biomass will take up, and therefore 
sequester, an equivalent amount of CO
2
 to that re-
leased during its combustion.
Use of forest energy is strongly interconnected 
to other mitigation measures in the forest sector and 
also, through energy wood plantations, to the ag-
Figure 10.1 Evolution from 1971 to 2006 of world total primary energy 
supply (TPES) by fuel (Mtoe) (IEA 2008).
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ricultural sector. Forests store carbon and thus an 
increase in the use of bioenergy requires that three 
other mitigation factors – forest area, site-level car-
bon density, and landscape-scale carbon stocks – 
should also be maintained (Nabuurs et al. 2007). The 
first factor, forest area, is not threatened by sustain-
able fuelwood use because the procurement areas 
remain part of the commercial forest. There may 
be trade-offs, however, between site-level carbon 
density and forest energy. For example, if the initial 
carbon stock is high (e.g., in an unmanaged forest) 
and the regrowth after harvesting is slow, then the 
compensation time resulting from the combined im-
pact of lower carbon stocks in the resultant managed 
forest and substitution can be even longer than the 
rotation time (Pingoud 2009, Figure 10.2). Finally, 
the impact on landscape-level carbon stocks may be 
either positive or negative; for example, procurement 
of energy wood reduces carbon stocks but may also 
(in the case of thinning small-sized trees) reduce the 
risk of natural disturbances such as fire that could 
reduce carbon stocks even further.
As a whole, the mitigation potential of forest en-
ergy is significant; estimates of the benefits range 
from 420 to 4400 MtCO
2
-eq in 2030, which is 5% to 
25% of the total CO
2
-eq emissions from electricity 
production (Nabuurs et al. 2007).
10.2.2 Combined Forest Industry 
Product and Energy Generation
In the industrialised countries, the forest industry is 
often the largest producer and user of wood-based 
energy. Production of sawn goods generates equal 
amounts of timber and by-products. If no pulp and 
paper industry is located near a saw mill, all by-prod-
ucts are available for energy generation. At the mill, 
energy is needed for drying sawn goods. In chemical 
pulping, lignin is extracted from woody biomass and 
converted into energy. This means that many pulp 
mills actually produce more heat and electricity than 
they need at the site. Both sawmill and pulp indus-
tries have found supplemental business activities, for 
example, supplying hot water for district heating of 
surrounding communities, or providing electricity to 
a national grid, which can add significantly to their 
business success.
In many countries, such as Finland and Canada, 
there is a need to restructure and diversify the for-
estry sector. In the 2000s, the prices of many pulp 
and paper products have decreased dramatically, 
whereas prices of energy products have increased. 
Wood-based bioenergy has the potential to become 
a growth industry for the forest sector in a number 
of countries (Vogt et al. 2005). In Finland, for in-
stance, the value of pulp and paper production was 
much higher in the beginning of this millennium 
than that of wood-based energy generation, but the 
difference has diminished continuously during this 
century’s first decade. As a result, forest industries 
have invested in biomass-based energy generation, 
as well as research and development of new energy 
products, such as biodiesel (Hetemäki 2008). De-
velopment of new policies aimed at supporting the 
growing demand for biomass energy will not only 
be required, but will present governments with an 
opportunity to enact legislation to expand the scope 
of their forest industries and to make them more 
competitive in future markets.
Figure 10.2 The combined effects of the use of forest energy and oth-
er mitigation activities should be considered as a function of time. 
This schematic illustration was kindly provided by Kim Pingoud.
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10.2.3 Biomass-Based Transport Fuels 
Reduce Oil Dependency
Increased production of liquid transportation fuels 
could reduce the dependency on crude oil imports. 
First-generation biofuels, e.g., bioethanol from grain 
and vegetable oil, or animal fat-derived biodiesel 
are already on the market and their production tech-
nology is well established. Due to energy-intensive 
cultivation and refining processes, their energy bal-
ance (energy input in the system/energy content of 
produced fuel) has been uneconomical and, in a few 
cases, input energy needed exceeds the energy con-
tent of the fuel.
However, woody biomass can be used as feed-
stock for liquid transportation fuels, and has several 
advantages: its use does not affect food production 
or price, and the conversion into energy can have a 
more favourable energy balance. There are two main 
routes to produce liquid biofuels from ligno-cellulos-
ic biomass: biochemical and thermochemical (Euro-
pean Biofuels Platform 2008). In a thermochemical 
process, woody biomass can be gasified to syngas 
(containing carbon monoxide, CO; hydrogen, H
2
; 
and CO
2
), which can then be cleaned and further 
processed through Fischer-Tropsch (FT) synthesis 
to produce a variety of waxes that can be converted 
to diesel oil. Another thermochemical route is based 
on pyrolysis, from which bio-oil can be obtained. 
Pyrolysis oil can replace heavy fuel oil. In a bio-
chemical process, ethanol can be produced from the 
ligno-cellulose in wood. This involves grinding the 
biomass, pre-treating it, and using hydrolysis to crack 
the cellulose into sugars. These sugars are then fer-
mented using bacteria and yeast to produce ethanol. 
Biogas can also be produced from biomass, but the 
suitability of woody biomass for biogas production 
is poor (IEA Bioenergy 2008).
In addition to woody biomass, black liquor can 
be used as a feedstock for liquid biofuel production 
(IEA Bioenergy 2007). It is far more homogenous 
material than residual forest biomass or even round-
wood. Its conversion can be integrated with pulpmill 
processes, and excess heat can be used in the pulping 
process. However, the use of black liquor as raw 
material for gasification and further liquid biofuel 
production can create an energy deficit for the pulp 
mill. This calls for the use of other feedstocks, such 
as residual forest biomass, especially in heat genera-
tion (IEA Bioenergy 2007).
So far, production of these second-generation 
biofuels is only at an experimental stage, and there 
are only a few pilot plants in operation. For example, 
a pilot plant producing diesel and using woody bio-
mass as feedstock was officially opened in June 2009 
in Varkaus, Finland. If technologically and economi-
cally successful, the first full-scale production units 
are expected to start up around the mid-2010s. Each 
of these units could use 1 to 2 million m3 of woody 
biomass as feedstock and produce 100 000–200 000 
tonnes of diesel annually.
In the United States of America (USA), construc-
tion of one of the world’s first commercial-scale cel-
lulosic biofuels plants began near Soperton, Georgia, 
in 2007 (Range Fuels 2009). The plant uses woody 
biomass and is anticipated to produce <38 million 
litres per year of ethanol and methanol in the second 
quarter of 2010, and 380 million litres of ethanol and 
methanol per year when fully operational.
10.2.4 Socio-Economic Benefits
Globally, there is growing interest in the socio-
economic benefits of renewable energy, including 
using wood to generate energy. The socio-econom-
ic implications of using wood for this purpose are 
multifaceted, and include economic issues, such as 
employment and monetary value, as well as social, 
cultural, institutional, and environmental issues (Do-
mac et al. 2005). Globally, policy makers are be-
coming increasingly aware not only of the potential 
economic benefits of using wood for energy, but also 
its potential commercial implications. Domac et al. 
(2005) argue that the social perception regarding the 
sustainability of wood energy depends on how the 
accompanying technology is perceived by society, 
and how societies stand to benefit from it, with pri-
mary driving forces in support of wood energy being 
job creation, contribution to regional economy, and 
income improvement. Larger scale issues of carbon 
emissions, environmental protection, and security of 
supply are of importance, but the primary drivers of 
forest bioenergy at community and regional levels 
are likely to be socio-economic in nature (Domac 
et al. 2005).
10.3. Resources and Trade of 
Wood Energy Biomass
10.3.1 Global Forest Energy Resources
Bioenergy or wood energy systems are complex, and 
involve a number of variables that have to be account-
ed for, including socio-economic benefits, climate 
change mitigation, ecological values, technological 
efficiency, and the interplay between industry and 
policy (Domac et al. 2005). Given this complexity, 
considerable uncertainty exists in estimating the po-
tential for renewable energy, including bioenergy, at 
global and regional scales (de Vries et al. 2007). This 
uncertainty is a result of the various inter-sectoral 
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drivers at play, including resource characteristics 
(availability and accessibility), geographical differ-
ences (land use and cover), techno-economic factors 
(scale, labour costs), and institutional factors (policy, 
legislation) (de Vries et al. 2007). Consequently, it is 
often difficult to accurately quantify and assess the 
available and sustainable level of harvest of wood 
for energy. These factors explain the great variation 
in estimates for global forest energy resources.
Yamamoto et al. (2001) simulated regional bio-
energy supply potentials. Because the demand for 
wood biomass will increase in developing countries, 
the area of mature forests will decrease in many ar-
eas. Mature forests are predicted to disappear from 
Centrally Planned Asia, the Middle East and North 
Africa, and southern Asia. Consequently, the poten-
tials of fuelwood in those areas will be low in the 
future. According to the simulations, the theoretical 
global potential of modern fuelwood will be 379 EJ/
year in 2100. More than half of the potential (199 
EJ/year) will be in Latin America, and 75 EJ/year in 
sub-Saharan Africa, while the potential in western 
Europe, Japan, Centrally Planned Asia, the Middle 
East and North Africa, and South Africa will be only 
0–6 EJ/year.
Earlier work by Yamamoto’s team was included 
in a review by Berndes et al. (2003), who evaluated 
17 studies of biomass energy potential. The authors 
noted that the potential from forests depends greatly 
on the basic approach of a study. In demand-driven 
studies, which took the anticipated future demand 
of industrial roundwood as a restriction for the po-
tential, much lower potentials were reported than in 
the resource-focused studies, which were based on 
forest growth, accessibility, and competition with 
other uses. The annual forest energy potentials in 
the first-mentioned studies ranged from a couple of 
EJ presently, to some 50 EJ in 2100; whereas in the 
latter ones, the range was from about 50 EJ to over 
100 EJ in 2050 (Table 10.1).
In a recent report by the International Energy 
Agency (IEA) (Faaij 2007), a range for energy po-
tential of forest residues was given. The upper limit 
was estimated to be 150 EJ, representing technical 
potential, while the lower limit is 30 EJ, including 
limitations with respect to logistics and standards 
for cuttings. In total, the most pessimistic estimate 
for global biomass potential was 40 EJ, and the most 
optimistic was 1100 EJ. Average potential would be 
between 200 and 400 EJ, if there were a common 
goal of more intensive use of bioenergy around the 
world.
Smeets and Faaij (2007) estimated forest energy 
potential in 2050. The theoretical potential based on 
medium demand and medium plantation establish-
ment scenario was 6.1 Gm3/year (71 EJ/year), techni-
cal potential 5.5 Gm3/year (64 EJ/year), and econom-
ical potential 1.3 Gm3/a (15 EJ/year). Supposing that 
ecological restrictions are also taken into account, the 
resources would not be enough to meet the demand. 
The theoretical, technical, and economical potentials 
consist mostly of surplus forest growth.
Nabuurs et al. (2007) reviewed several studies 
in order to examine the possibilities of forest energy 
to mitigate climate change. They concluded that the 
technical potential of primary biomass for energy 
from the forest sector would be 12−74 EJ. The eco-
nomical potential would be only 1.2−14.8 EJ.
At a sub-global level, forest resources, technol-
ogy, energy infrastructure, national laws and policies, 
and many other issues affect the use and development 
of the renewable energy sector. For example, the 
extent of wood biomass use as an energy resource 
varies among the European countries, and the tech-
Table 10.1 Global estimates of the annual forest energy potential.
Publication Temporal Type of Estimate,  Origin
 scope potential EJ
Yamamoto et al. 2001 2100 theoretical 379 modern fuelwood
Berndes et al. 2003 Present–2030 theoretical/technical c. 5–15 forest residues from industrial roundwood
    and fuelwood/charcoal production
Berndes et al. 2003 2050–2100 theoretical/technical c. 5–50 forest residues from industrial roundwood
    and fuelwood/charcoal production
Berndes et al. 2003 2050 theoretical/technical c. 50–100 unspecified forest biomass
IEA Bioenergy 2007 Present–2050 economic 30–150 forest residues
Smeets & Faaij 2007 2050 theoretical 76.7 surplus forest growth + logging residues
Smeets & Faaij 2007 2050 technical 70.1 surplus forest growth + logging residues
Smeets & Faaij 2007 2050 economic 20.8 surplus forest growth + logging residues
Smeets & Faaij 2007 2050 economical-ecological 5.1 surplus forest growth + logging residues
Nabuurs et al. 2007 2020–2050 technical 12–74 primary residues
Nabuurs et al. 2007 2020–2050 economic 1.2–14.8 primary residues
Source: Anttila et al. 2009.
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nically available forest energy potential in the 27 
European Union (EU) countries was estimated to 
be 1.5 EJ (36 Mtoe, or 187 million m³) (Asikainen 
et al. 2008).
10.3.2 Trade of Energy Biomass and 
Biofuels
In many areas, both regionally and nationally, bio-
mass production potential cannot meet demand; this 
is especially so in industrialised countries such as 
the USA, Japan, and nations that are members of 
the EU. On the other hand, there are areas where 
biomass production potential exceeds local demand, 
such as many parts of sub-Saharan Africa and Latin 
America. However, it is often more logical to con-
sume biomass locally than to export it, especially 
when it can be used to replace fossil fuels. (Canada 
may be an exception, as it has not only large fossil 
fuel reserves, but also abundant hydroelectricity and 
large agricultural and forest biomass potential com-
pared to its relatively small population.) Although 
only a limited proportion of global bioenergy con-
sumption is based on imported biomass or biofuels, 
the volume of international biomass trade will in-
crease significantly in the future. Notwithstanding 
the predominant use of locally produced biomass 
for bioenergy, a significant number of cross-border 
streams of diverse forms of biomass – raw, processed, 
or within products – together with their various end-
uses, constitute a complex field that is outlined sim-
ply in Figure 10.3.
Imported biomass, or a product that includes bio-
mass, can be processed in the import country into 
more refined final products, which are then consumed 
in the country or exported onward. Foreign biomass 
that has entered the country can be used as fuel, e.g., 
wood pellets. Nevertheless, some products, such as 
ethanol or some forest industry by-products, can 
be used for both energy and raw material purposes, 
making it necessary to know where the products are 
consumed. Biomass is also traded for biofuels pro-
duction, e.g., palm oil for biodiesel, and this will 
be a more common trend when large bio-refineries 
produce liquid biofuels for road transport. Eventu-
ally, most of the products that include biomass end 
up in recycling and energy production.
Ethanol, vegetable oils, fuel wood, charcoal, and 
wood pellets are the most important products that 
currently are traded internationally for energy pur-
poses. Nevertheless, the international trade of these 
products is much less than the international trade of 
biomass for other purposes. Table 10.2 depicts the 
volumes of global production and international trade 
of various biomass products in 2004–2006. Most of 
these products are mainly consumed locally in the 
producing country, but a considerable proportion of 
the total production of sawn timber, paper and paper-
board, palm oil, and wood pellets is exported.
Direct trade of solid and liquid biofuels is grow-
ing rapidly. In the past, the volume of indirectly trad-
ed biofuels was significantly higher, e.g., three times 
greater than the direct streams in 2004. Rapid growth 
is associated especially with the trade of liquid biofu-
els (ethanol and biodiesel, for which the demand has 
grown tremendously in recent years in the EU and 
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Figure 10.3 An illustration of biomass streams within a country and between countries. Products pre-
sented in brackets represent examples of products (Heinimö 2008).
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the USA). This has triggered the export of ethanol 
(mainly from Brazil), vegetable oil (e.g., palm oil 
and soybean oil), and biodiesel from southeast Asia 
and Latin America. Also, pellet exports from Canada 
to the EU (next to large-scale intra-European trade) 
show strong growth rates. The emerging production 
of torrefied wood and pellets made of torrefied wood 
could replace coal in large plants which can further 
accelerate the growth of direct trade. It is expected 
that direct trade volumes of biofuels will overtake 
indirect trade within a few years.
The estimated total volume of internationally 
traded biofuels was approximately 0.9 EJ in 2006, 
and hence biomass trade is still a long way from its 
estimated long-term maximum potential of 80 to 150 
EJ/year. However, given the current policy develop-
ments to stimulate the use of biofuels in, for example, 
the EU and the USA, and given current high fossil 
oil prices that are expected to continue to increase 
as world reserves decrease, a continuing increase 
in biofuel trade can be expected in the near future. 
Simultaneously, however, some policies may slow 
the rate of increase in total international bioenergy 
trade. For example, development of sustainability 
criteria for biofuels (such as the recently proposed 
revision to the RES directive, i.e., directive of the 
European parliament and of the council on the pro-
motion of the use of energy from renewable sources) 
and changing trade tariffs for commodities such as 
ethanol may temper or even reduce trade growth for 
some specific biofuels.
10.4 Technology of Supply
10.4.1 Traditional Use of Firewood
Burning firewood for cooking and heating is still the 
most significant use of wood in many parts of the 
world. Even in many industrialised countries, the 
volumes of domestic firewood consumed exceed the 
industrial use of chips for energy. The technology 
for harvesting, preparing, and burning firewood is 
simple and cheap, enabling practically all people, 
especially those in rural areas of the world, to use 
this form of energy.
Table 10.2 An overview of world production and trade volumes of selected agricultural and 
forestry commodities with potential energy application in 2004–2006.
Product/year Unit World production International trade volumes
  2004 2005 2006 2004 2005 2006
Industrial wood and forest products:
Industrial roundwood Mm3 1656 1709 1684 121 131 129
Wood chips and particles Mm3 215 222 232 39 43 44
Sawn timber Mm3 421 426 427 133 134 133
Pulp for paper production Mt 190 189 190 42 42 43
Paper and paperboard Mt 355 354 354 111 113 114
Agricultural products:
Maize Mt 727 713 695 83 90 95
Wheat Mt 633 629 606 118 121 125
Barley Mt 154 141 139 22 25 24
Oats Mt 26 24 23 3 3 3
Rye Mt 18 15 13 2 2 2
Rice Mt 607 632 635 2 2 2
Palm oil Mt 31 34 37 23 26 29
Rapeseed Mt 46 50 49 9 8 11
Rapeseed oil Mt 15 16 17 2.6 3.1 4.1
Solid and liquid biofuels:
Ethanol Mm3 40.8 46.0 51.1 2.7 3.0 4.3
Biodiesel Mt 2.3 3.6 5.3 n.a. 0.2 0.4
(2.7–3.8)
Fuel wood Mm3 1771 1824 1827 4 4 4
Charcoal Mt 46 43 43 1.1 1.3 1.4
Wood pellets Mt 4.0 5.5 7.8 1.5 2.4 3.6
  (3.7–4.8) (4.6–6.5) (7.1–8.4) (1.2–1.7)
Source: Heinimö and Junginger 2009.
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In the developing world, hand tools such as 
axes, machete-type knives, and bow saws are still 
appropriate harvesting tools. Chainsaws are much 
more efficient, but purchase, maintenance, and fuel 
costs can substantially increase wood fuel costs, and 
availability of spare parts can be poor. Fuelwood 
is often transported by being carried by people or 
animals. Over longer hauling distances, trucks and 
pickups can also be used. Firewood can be traded 
in local markets or delivered directly to end-users 
(Photo 10.1). Charcoal production, in which wood 
is carbonised in simple rural kilns or larger industrial 
settings, is another traditional way of converting bio-
mass into a biofuel with a higher energy density than 
wood. There are examples of the unsustainable use of 
woody biomass for traditional firewood and charcoal 
production in some parts of the world, especially in 
areas with sensitive ecosystems or where biomass 
Photo 10.1 Fuelwood market in Gambia.
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Brazil has vast biomass resources and produces 
30% of its energy from biomass (Lora and Andrade 
2007). There is a long tradition of producing char-
coal for pig iron industries in the state of Minas 
Gerais. About 30% of wood produced in the state is 
utilised in the charcoal-based iron and steel indus-
try (PCF 2002). In the 1980s, charcoal production 
reached a level of 20 million m3/year, leading to 
deforestation of 1 million ha of natural forest annu-
ally. The raw material for the charcoal industry has 
shifted almost totally from the use of natural woody 
biomass to fuelwood plantations, where Eucalyptus 
is grown.
In order to reduce deforestation, the State of 
Minas Gerais passed a law that required integration 
of charcoal supply with industrial timber plantations 
by 1998, and phasing out the use of native forest 
Box 10.1 From deforestation to sustainable fuelwood production
resources for charcoal by 2000.
The work safety issues of charcoal production 
have been criticised (Kato et al. 2005). The work 
process is still labour-intensive and the workers are 
subject to accidents and carcinogenic substances 
when exposed to the smoke and dust of the charcoal 
production process.
This case from Brazil shows that by legislative 
measures, unsustainable wood energy production 
can be converted to more sustainable practises. 
Improvements in sustainability have many dimen-
sions: In addition to the ecological dimension, such 
aspects as work safety and human health have to 
be considered.
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availability is low but population requirements are 
high; furthermore, there are also health risks associ-
ated with the manual work involved in harvesting 
and processing this woody biomass with exposure to 
particle emissions in the smoke from the combustion 
process (Kato et al. 2005). However, there are also 
examples of successful reforestation and sustainable 
management of fuelwood plantations in, for example, 
Africa and South America (IDA 2007, PCF 2002). 
See Box 10.1 on charcoal production in Brazil.
In the industrialised countries in small private 
forest holdings, the chainsaw, together with farm 
tractor-based transport of wood are the dominant 
technologies. Splitting of firewood is done using an 
axe. In recent years, the use of farm tractor-powered 
cutting and splitting machines have increased. Such 
machines can be owned by individual farmers or by a 
cooperative to produce firewood for not only for their 
domestic use but increasingly for the commercial fire 
wood markets. When firewood is produced in large 
quantities, single-grip harvesters and forwarders are 
used in the harvesting of firewood. Splitting and dry-
ing of wood is done in terminals.
10.4.2 Harvesting of Residual Forest 
Biomass
In most countries, the greatest amount of biomass to 
be used for bioenergy is extracted from final fellings. 
The methods for harvesting residue biomass produced 
by logging roundwood depends on the logging meth-
od and the degree to which the supply chain for resi-
due removals is integrated with roundwood removals. 
For example, whole trees can be felled and skidded or 
forwarded to landings, where they are delimbed and 
roundwood is separated from the resultant residues; 
cutting can be manual or mechanised. However, in 
Nordic countries, where supply chain efficiencies for 
production of both roundwood and resultant residue 
biomass is perhaps greatest, mechanised cutting is 
a prerequisite for effective recovery of logging resi-
dues. Single-grip harvesters typically pile the residues 
in heaps on the logging site, the material is seasoned 
for a few weeks during spring and summer months 
to reduce its moisture content and allow needles to 
drop onto the ground, and then the residue is easily 
loaded using a forwarder (load carrying forest trac-
tor) or a farm tractor equipped with a grapple-loader 
and forest trailer, and removed from the logging site 
(Wigren 1992, Asikainen et al. 2001).
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Photo 10.2 Bundling of logging residues.
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Logging residues can also be bundled before 
being removed from the site (Photo 10.2). This re-
duces the space required to transport the biomass 
and increases the payload during forwarding and 
long-distance transport. In addition, the loading and 
unloading in forwarding and trucking is much faster 
with compacted material.
Standard forwarders can transport both loose 
and compacted logging residue to roadside land-
ings and pile it for longer storage before chipping 
and transportation. For loose residues, the grapple 
is often modified so that supporting beams connect-
ing the ends of forks are either removed or moved 
inwards in the grapple to give better penetration in 
the residue piles.
Spruce stumps can also be harvested for energy 
after final felling. Stumps are removed using exca-
vators equipped with a lifting device (Laitila et al. 
2008). Stumps are removed in one piece or are split 
into two or more pieces before being lifted. Splitting 
considerably diminishes the lifting force required, 
and a smaller area of humus is disturbed and lifted 
with the coarse roots. Stumps are stacked in heaps at 
the site for drying, and also to allow rain and wind to 
remove soil from stump wood. Forwarding is carried 
out using traditional forwarders.
10.4.3 Harvesting of Forest Energy 
Biomass from Early Thinning
When standing trees are harvested for energy, ad-
ditional felling and processing is needed, compared 
to harvesting logging residues. The most common 
method currently used in Europe consists of felling 
and bunching trees using a single-grip harvester or a 
forwarder with a grapple that is modified for handling 
energy wood (Photo 10.3) so that it can hold two or 
more trees in the grapple and bunch them for for-
warding. Manual felling using chainsaws equipped 
with felling handles can also be used (Heikkilä et 
al. 2005).
More recently, harwarders, i.e., combined har-
verster-forwarder machines, have been introduced 
for harvesting small trees for energy; harwarders fell 
the trees and then cut them into ~6 m lengths for for-
warding. The same machine then also forwards the 
material to the landing, and thus only one machine 
unit is needed to perform the operation. Over short 
forwarding distances, and in small stands, harwarders 
are emerging as a competitive alternative to manual 
felling or harvesters with modified grapples.
Photo 10.3 Single-grip harvester in energy wood harvesting.
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10.4.4 Comminution of the Material
Biomass is chipped into small (10 to 100 mm) par-
ticles to enable efficient handling of feedstock and 
to improve its combustion properties. Once chipped, 
heat and power plants can store and feed the material 
into the burning chambers of the plant. Chipping 
can take place in the forest: the in-the-woods chip-
per loads (feeds) biomass into the chipper, chips the 
material, and transports it to the roadside. In-woods 
chipping was popular in Nordic countries in the 
1990s, but is now rarely used in Finland and Sweden. 
This kind of machine can only operate economically 
on flat forest land and in thinnings, and was found 
to be too heavy and expensive a unit to use for final 
fellings or on coarse terrain.
Most chipping is now carried out at roadside 
landings (Kärhä 2007). Chippers can be mounted on 
trucks, or smaller units can be operated by a tractor 
(Photo 10.4). The optimal size of a chipper depends 
on the volume of operation and on the condition of 
the forest road network. Chippers blow chips directly 
into chip trucks, which transport the chips to the 
plant. The main problem with chipping-trucking sys-
tems is the interaction between chippers and trucks: 
the chipper cannot operate if an empty truck is not 
available, and the truck has to wait if the chipper has a 
breakdown. Also, the direct loading time of the truck 
depends on the productivity of the chipper.
Chipping can also be done at a terminal located 
between the raw material source and the end-use 
facility. In this case, uncomminuted material is first 
hauled to the terminal and stored there. Chipping 
at the terminal can be performed by either station-
ary or mobile chippers. Stationary chippers are used 
when terminals are big (i.e., supplying over 100 000 
tonnes per year). Chipper productivity is higher at 
terminals because the chipped material can be blown 
on the ground and hence there is no need for a truck 
to be present for immediate loading. If the terminal 
is located at the end-use facility, then no additional 
trucking is needed and the material can be fed di-
rectly into the feeding storage area using front-end 
loaders. If the terminal is located between biomass 
sources and the end user, or if the terminal serves 
several end users, then loading of trucks and hauling 
must be performed.
10.4.5 Costs of Supply
Bioenergy projects must be economically viable for 
the different actors in the value chain (Lunnan et al. 
2008). Woody biomass used for energy generation 
must be able to compete with other uses, e.g., pulp 
and paper, at the same time the energy produced 
from biomass must be as cheap as or cheaper than 
Photo 10.4 Chipping at the roadside landing.
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energy produced from competing energy sources. 
The costs of energy feedstock and market prices of 
energy products are changing all the time, the cost of 
fossil fuels, especially, show large variations.
Wood fibre, including mill residues and forest 
harvesting residues, must be recovered and trans-
ported to bioenergy facilities. Furthermore, the avail-
ability of fibre can be extremely variable between 
regions. This can pose challenges to a number of 
countries, especially if much of the fibre is inacces-
sible or the recovery rate of fibre is low, making it 
financially non-viable. For some biomass sources, 
such as residues from mills, the cost of transportation 
would be relatively small (Welke 2006). However, 
for sources such as harvesting residues, which has 
to be collected over large areas and transported lon-
ger distances, costs could be considerably high, and 
perhaps even prohibitive in some regions (NCASI 
2006).
The technology to convert wood to energy is 
relatively new and expensive (Caputo et al. 2005). 
Often it is much more expensive than generating 
energy from fossil fuels, such as coal or oil (Mann 
2004). In fact, a study by Hughes (2000) found that in 
most cases, the cost differential between biomass and 
coal is not sufficient to generate a profit, especially 
when operating and maintenance costs are included 
in the equation. Thus, there is a constant challenge to 
maintain competitiveness with conventional energy 
systems (Roos et al. 1999). This is what drives the 
bioenergy sector’s reliance on cheap residues from 
milling operations (Tan et al. 2008).
However, in the Nordic countries, the use of 
primary forest biomass, such as logging residues, 
stumpwood, and whole trees from thinnings, has 
become cost-competitive, especially for the inland 
energy plants, where coal becomes more expensive 
due to longer transport distances. In Finland, the 
number of plants using primary forest biomass as a 
fuel has grown by hundreds since 2000 (Asikainen 
and Anttila 2009).
Factors affecting the costs of biomass supply can 
be grouped into two main components: (i) the annual 
availability and quality of (woody) biomass around 
the planned bioenergy plant, and (ii) costs to the 
user of feedstock associated with purchase, harvest-
ing, processing, transportation, and storage. In areas 
where use of especially primary forest residues is 
starting, the net annual increment and industrial use 
of wood defines the available resources (e.g., see 
Asikainen et al. 2008). As the use of woody biomass 
for industry and energy increases, the competitiveness 
of biomass becomes an important factor in reducing 
the availability of fuels. For example, the price of 
biomass decreases when demand for pulpwood is 
very low, and hence the energy industry can afford 
to purchase the wood for energy generation. Under 
normal pulpwood market conditions, however, less 
wood is available for energy at a reasonable price.
Harvesting, chipping, and transport costs of log-
ging residue chips vary between EUR 20 and 25 
/m3 in eastern Europe (Asikainen et al. 2008). In 
western Europe, costs are EUR 30–35 /m3 due to 
higher labour and fuel costs. Chips made of small-
diameter whole trees add EUR 7–10 /m3 to the cost 
of chips made of logging residues because of felling 
and bunching costs. Today, the typical price paid 
for fuel chips in Finland is EUR 30–40 /m3 (EUR 
15–20 /MWh) and thus chips made of logging resi-
dues are cost-competitive fuels, whereas chips made 
of small-diameter trees need to be subsidised. In the 
Czech Republic and Poland, wood fuels are only 
competitive with coal because of current subsidies 
(Asikainen et al. 2007).
10.5. Sustainability and Certifi-
cation of Forest Woodfuels
10.5.1 Sustainability of Forest
Woodfuels
Production and harvesting of woodfuels from forests 
can lead to substantial global and national benefits, 
including climate mitigation and improved security 
of national energy supplies. Local benefits include 
employment and business opportunities, access to 
fuelwood for subsistence use, wildfire risk reduction, 
and facilitation of and reduced costs for silvicul-
tural practices, such as site preparation and plant-
ing; stump harvesting may also be used to reduce 
root rot problems. A number of potentially adverse 
economic, social, and environmental impacts need 
to be considered, however, if utilisation is to be sus-
tainable (Egnell et al. 1998, Richardson et al. 2002, 
Lattimore et al. 2009).
Important environmental concerns include forest 
degradation because of an imbalance between growth 
rates and harvesting rates, and decreased site produc-
tivity caused by nutrient losses from shorter rota-
tions or removal of small trees and slash that would 
otherwise be left on site. Fertilisation and wood ash 
recycling can be used to sustain soil fertility, but it 
is costly and can cause undesirable impacts in some 
cases by, for example, disturbing natural flora and 
faunal communities. Removal of residues and logs 
of low quality may also jeopardise the amounts of 
substrate required as food and habitat by organisms 
dependent on these deadwood components.
Additional interventions in the forest to extract 
biomass (e.g., after seasoning) or to perform com-
pensation fertilisation increase the risk of physi-
cal damage to the soil, which in turn can decrease 
productivity and lead to erosion and sedimentation 
10 FORESTS AND BIOENERGY PRODuCTION
195
10 FORESTS AND BIOENERGY PRODuCTION
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
problems in local watercourses. The effects of stump 
removals on soil quality are especially of concern.
Where the objective of forest management 
evolves from solely roundwood production to include 
woody biomass for energy, management treatments 
may also be intensified to increase productivity or 
to compensate for increased biomass removals by, 
for example, increasing application of site prepara-
tion, fertilisation, vegetation management, use of 
exotic species or, where permitted, perhaps even 
use of Genetically Modified Organisms (GMOs). 
There may even be cases where natural forests are 
converted to energy plantations, possibly leading to 
changes to or reductions in soil carbon stocks and 
biodiversity, and sometimes displacement of people 
dependent on the natural forests. Establishment of 
energy plantations on agricultural land may likewise 
lead to ecological and social changes that may be 
positive or negative, depending on the specific land 
and people affected.
In areas where it is scarce, considerable effort 
may be required to collect fuelwood, especially by 
women and children, leaving little or no time for 
employment or school, respectively. Air pollution 
from inefficient stoves or fires will also cause hu-
man health problems. Similarly, charcoal production 
methods may be inefficient, entailing great effort 
under adverse working conditions and inefficient use 
of forest resources. In extreme cases in some parts 
of the world, charcoal production has also been as-
sociated with inhumane working conditions, child 
exploitation, and slavery.
The increased use of biofuels to mitigate climate 
change has increased focus on the total GHG sav-
ings that are achieved when transitioning from fossil 
fuels to biofuels. The total GHG emissions over the 
entire lifecycle, from biomass production, process-
ing, and transport through to final conversion into 
energy should decrease. Emission savings compared 
to, for example, coal or gas in the United Kingdom 
was estimated to be above 90% for wood chips and 
above 70% for wood pellets (Bates et al. 2009).
10.5.2 Standards and Schemes for 
Sustainable Biomass
The need to create and apply adequate environmental 
and socio-economic sustainability standards becomes 
more pressing as woodfuel market share increases 
and international trading in biofuels grows. This has 
resulted in various initiatives to develop standards for 
sustainable biomass and bioenergy (van Dam et al. 
2008), including the EU directive on the promotion 
of the use of energy from renewable sources (EC 
2009), the work of the technical committee under the 
European Committee for Standardisation to elabo-
rate a new standard for sustainably produced biomass 
for energy applications (CEN/TC-383, CEN 2009), 
the Roundtable for Sustainable Biofuels’ global prin-
ciples and criteria for sustainable biofuels produc-
tion (RSB 2008), and the Green Gold Label and La-
borelec certification systems for sustainable biomass 
(Control Union 2009, Laborelec 2009), and several 
others. These standards, schemes or systems are at 
various stages of development and address one or 
several operators along the bioenergy supply chain. 
Figure 10.4 The bioenergy production chain and various types of verification 
needed to provide proof of sustainable bioenergy production.
196
10 FORESTS AND BIOENERGY PRODuCTION
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
10 FORESTS AND BIOENERGY PRODuCTION
The standards used by existing schemes typically 
ensure that the biomass was sustainably produced, 
that biomass with a sustainability claim is adequately 
controlled through the supply chain (chain of custo-
dy), or that sustainability requirements at the supply 
chain level (e.g., greenhouse gas emission savings 
and energy balances) are met (Figure 10.4). There is 
already a long tradition of standard-setting to ensure 
sustainable forest management and wood production 
at global, regional, and national levels; this creates 
a foundation for future verification of sustainable 
woodfuel production.
10.5.3 Frameworks for Sustainable 
Forest Management
Since concerns over destruction of tropical forests 
led to the first proposal for an international tropical 
timber agreement in 1976, significant efforts have 
been made to develop standards for sustainable for-
est management. These standards address the inte-
grated production of a large range of goods from 
the forest and provide criteria for responsible forest 
management to ensure or improve ecosystem func-
tion, health and vitality; biological diversity; protec-
tion of soil and water; social and cultural values; 
human health, rights and participation in decisions 
affecting culture and livelihoods; and monitoring for 
adaptive management. The diversity of approaches 
to sustainable forest management in different parts 
of the world and different segments of society have 
led to development of a wide range of international 
processes, initiatives, and certification schemes to 
support sustainable forest management.
Nine international processes address certain 
regions or groups of countries in the world (FAO 
2001). They encourage voluntary implementation at 
a policy level, and have thus influenced development 
of forest legislation around the world (Christy et al. 
2007). Legislation may set minimum requirements 
for sustainable forest management within a coun-
try or jurisdiction, but voluntary forest certification 
schemes usually set higher sustainability standards, 
thus providing market verification for consumers 
wishing to support these higher standards. Certifica-
tion takes place at the forest management unit level, 
using standards developed or adapted to national or 
sub-national conditions. There are two predominant 
global certification systems: the Forest Stewardship 
Council (FSC) and the Programme for the Endorse-
ment of Forest Certification (PEFC). PEFC is an 
umbrella organisation that endorses previously inde-
pendent national initiatives (e.g., Canadian Standards 
Association in Canada, the Sustainable Forestry Ini-
tiative in North America, and Cerflor in Brazil). Less 
than 25 million ha of forests were certified globally 
in 1998, but about 320 million ha (8.3% of the total 
global forest area) were certified by 2008; PEFC 
schemes accounted for about two-thirds of this area, 
and FSC accounted for the other third (UNECE/FAO 
2009). By far the largest proportion of certified for-
ests is in developed countries (Figure 10.5). A prem-
ise for the use of forest certification in global biomass 
and bioenergy certification is increased accessibility 
to certification processes in developing countries.
The increased importance of woodfuel as a for-
est product suggests that a revision of existing stan-
dards for sustainable forest management is required 
to ensure that they specifically address the unique 
management activities and impacts related to wood-
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Figure 10.5 Area of non-certified forests in 2005 (FAO 2005), and certified forests 
in 2006 (ICFPA 2006) in different parts of the world.
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fuel production and harvesting. As described earlier, 
forest woodfuels often require more intensive man-
agement and can thus have incremental operational, 
biological, and silvicultural impacts above those for 
conventional roundwood production and harvesting. 
Especially the prevented GHG emissions vs. fossil 
fuels in energy production or traffic use is something 
new compared to sustainable roundwood production 
for forest industry purposes. The regular revision of 
standards is already an integrated part of forest cer-
tification schemes. Revisions are typically required 
every five years, thus supporting adaptive manage-
ment. This allows the system to respond to changes 
in conditions and practices as those related to in-
creased woodfuel production and harvesting. Dur-
ing regular revisions, some national standards under 
both PEFC and FSC have included indicators clearly 
aiming at sustainable woodfuel production practices 
(Stupak et al. 2009). Standards of some international 
processes may also develop to address woodfuels 
more comprehensively. The Ministerial Conferences 
of Protection of Forests in Europe (MCPFE) is, for 
example, currently assessing its tools for sustainable 
forest management in the light of new demands for 
woodfuels that have been produced in a sustainable 
manner (MCPFE 2009).
10.5.4 Future Systems for Certification 
of Woodfuels
One single global biomass or bioenergy certification 
system that covers all links of the bioenergy supply 
chain would be preferable from a standardisation 
perspective, and would increase the transparency 
and comparability of the sustainability of different 
biofuels; however, competition among systems is 
probably inherently positive. Energy policies and 
legislation have stimulated several market-based and 
governmental schemes for sustainable biomass and 
bioenergy to advance quickly. These systems rely 
partly on accreditation of existing certification sys-
tems, including those for sustainable forest manage-
ment, that are likely to evolve to address sustainable 
forest woodfuel production more comprehensively 
than today. By sharing experiences gained through 
these systems, it may be possible to move towards 
more uniform and global standards for sustainable 
biomass and bioenergy, even if some differences 
probably must remain at detailed levels due to the 
great variety in forest management practices and 
in economic, social, and environmental conditions 
around the world.
10.6 Conclusions
The role of global forests as an energy source is 
increasing. The extent to which forests can bear 
more intensive utilisation, however, varies greatly 
between regions and countries. These regional dif-
ferences have to be taken into consideration, when 
forest-based bioenergy systems are being developed. 
In the northern hemisphere, and particularly in many 
European countries, the accumulating growing stock 
and increased annual increment of forests because 
of improved management allows for more intensive 
use of forest biomass for biofuels for offsetting use 
of fossil fuels.
There are examples of destructive uses of forests 
for energy, leading to degradation of the resource 
and, in the longer run, hardship for local societies. 
However, this can be avoided or reversed through 
careful planning and implementation of sustainable 
forest management that addresses fuelwood harvest-
ing, or by establishment of plantations for local do-
mestic or even industrial fuelwood supply. Examples 
from Brazil and Senegal demonstrate that, with the 
commitment of policy makers and local people and 
industry, the impacts of unsustainable practices can 
be reversed with the introduction of new, sustain-
able systems.
The threats associated with wood fuels include 
the over-utilisation and depletion of forest ecosys-
tems that jeopardise soil fertility, biodiversity, and 
greenhouse gas balances, and that can lead to erosion 
and water and air pollution. The working conditions 
and emissions from the combustion of wood fuels 
are also potential threats to occupational safety and 
to human health.
Forest-based energy production can reduce de-
pendency on fossil fuels, and hence reduce green-
house gas emissions from non-renewable sources; 
domestic production also improves energy security 
and contributes to energy price stability. It also can 
revitalise rural economies by providing work and in-
come through production, harvesting, and conversion 
of biomass. With appropriate, modern conversion 
technologies, air quality in regions currently using 
woodfuels can be improved, especially in urban and 
suburban areas.
Forest energy policies have to be based on the 
principle of sustainable development, ensuring both 
economic and environmental longevity in the use 
of the resource, and taking into consideration the 
people affected by more intensive use of the forest. 
This is particularly important when large-scale land 
use change for establishment of energy plantations 
is planned.
Increasing demand for renewable energy has cre-
ated new possibilities for forest-based livelihoods and 
income generation by adding a new commodity to the 
range of products that can be derived from forests. 
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All aspects of sustainable development – economic, 
ecological, and social – need to be included in the 
ongoing research and development work carried out 
by forest research organisations. Multidisciplinary 
research that is clearly linked to operational practices 
is essential for responding rapidly to increasing in-
formation needs regarding the role of forests in the 
global energy supply, and much remains to be done. 
Western countries have typically focused much of 
their recent research funding on biomass conversion 
technologies for creating energy, with less to forest 
operations and supply chain issues, and even less 
again to environmental sustainability issues. It is 
therefore essential that a balance be found so that 
adequate funding is used to build a solid foundation 
for all aspects of sustainability, thus ensuring that the 
benefits of forest bioenergy are truly optimised with-
out compromising options for future generations.
Energy, forest, and regional policies should sup-
port the transfer of technology and best practices of 
sustainable use of wood for energy. Success stories 
on the establishment and management of economi-
cally, socially, and environmentally sound bioen-
ergy systems at all levels, from single projects to 
national and even international scales, need to be 
documented and used to inform processes for the 
expansion of these systems into new regions. Here, 
multidisciplinary forest research with strong linkages 
to operational practises can play a key role. Linking 
research and practises maximises the applicability 
of new knowledge and accelerates the sustainable 
development of industries based on forest biomass 
resources.
The need for increased knowledge of all aspects 
of bioenergy has brought together a large number of 
new players in a research field that has until now been 
almost exclusively of interest to those involved in for-
est management and the forest industry. Engineering, 
energy, socio-economic, and environmental organi-
sations and agencies with strong research capacity 
and versatile methodological backgrounds, and with 
connections to the energy and forestry industries, are 
challenging the leadership and relevance in this field 
of traditional forest research organisations. Forest 
policy is now strongly affected by megatrends in 
energy policies; recognising the rapid change in the 
research milieu and building on core strengths is 
the key for successful cooperation and networking 
between traditional forest research organisations and 
other fields of science. Forest research institutions 
must build their expertise and capacity based on a 
thorough analysis of the tasks, networks, and forums 
in which they decide to participate with other agen-
cies. With strong expertise in forest ecosystems, op-
erations, and products, forest research organisations 
can benefit from the ongoing wave of bioenergy and 
biofuels research, make a strong contribution to en-
ergy and climate change-related policies, support the 
transition of the forestry sector, and prepare to move 
forward on emerging issues – likely climate-change 
related – as the current suite of bioenergy-related 
issues are successfully overcome.
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Abstract: Social systems and ecological systems are both essential to building human 
well-being. The dynamic relationship between these systems is embedded in a larger 
social, cultural, political, and economic context. Many of the world’s forests currently 
face rapid changes that tend to push both systems towards conditions where their 
historic relationship can no longer be sustained. The challenge is to maintain the balance 
between these systems and, simultaneously, secure ecological resilience while avoiding 
social disruption and insecurity. People are key actors in the social-ecological system. The 
growth of the global population, its concentration in urban centres, as well as changing 
consumption habits will impact on global land use, including on forests. Individuals and 
societies have essential roles in the larger social, economic, and political settings of 
globalisation, including shifts in policies and new power structures. In the interplay of 
society and the environment, an understanding of the perceptions and attitudes between 
individuals and groups of people may carry over to new and positive solutions, specifi-
cally in governance and institutions, both for people and nature. The set of perceptions 
and attitudes, and the inherent cultures of the individual and societies determine the 
public support and success of forestry, of implementation of sustainable management, 
and more effective conservation measures. Contradictory perceptions and potentially 
consequent mistrust and antagonism may cause conflict and inefficient management of 
the natural resource. Yet, conflict can provide an opportunity for mutual learning and 
may trigger new ideas that can improve or replace outdated patterns.
Keywords: social system, population, demography, perception, attitude, urbanisation, 
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■
GLOBAL SOCIO-ECONOMIC CHANGES
11.1 What is “Forest” for 
People?
The social changes that will shape the future of the 
world’s forests are, in many ways, difficult to de-
scribe. As the Food and Agricultural Organization of 
the United Nations (FAO) draft strategy for Forests 
and Forestry puts it “forestry is about people.” Just 
as we have come to understand that forest ecosys-
tems are more complex than the early proponents of 
scientific forestry ever imagined, we now see that 
forest ecosystems are embedded in a broader and 
even more complex socio-cultural landscape that ul-
timately determines what people want from forests, 
and the kinds of institutions and practices that they 
will create to achieve their goals.
11.1.1 Relationship Between Social 
Systems and Ecosystems
Social scientists and forest managers have expended 
a significant effort over the last two decades to try 
to understand and model the relationship between 
social systems and ecosystems. Much of this effort 
has been focused on the attempt to create a unified 
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conceptual framework in which people and societ-
ies are understood as components of a larger whole, 
rather than existing outside or alongside nature and 
having “impacts” on it. The components of social and 
ecological systems are arranged in a nested fashion, 
such that they can be considered self-contained sys-
tems for some analytical purposes, but for others they 
are understood as parts of a larger whole. While there 
are many versions of approaches, one common con-
clusion stands out: the need to consider a much wider 
range of potential drivers and linkages between and 
among the components of nested social-ecological 
systems than resource management – including for-
est management – has traditionally done.
There is a cost in trying to accommodate such 
a high degree of complexity: “[T]he complexity of 
linked social-ecological systems is such that a tight 
body of theory governing their dynamics is unlikely 
in the near future, if ever …” (Walker et al. 2006). 
Instead, research has focused on understanding how 
to maintain these systems in a productive state – their 
long-term sustainability – and especially the rea-
sons why social-ecological systems can sometimes 
change for the worse, both quickly and irreversibly. 
In this latter respect, the concept of “resilience” has 
come into prominence. Building on the work of Hol-
ling (1973), resilience in socio-ecological systems 
is the capacity of the system to remain in the same 
state after a shock, or to return to that state a short 
time afterwards (see sub-Section 22.1.1 Definitions, 
Theories, and Applications).
Resilience can be seen as a quality of the com-
plexity of social-ecological systems. As Elinor Os-
trom (2008) has noted, an impossibly large number 
of variables would be required to explain outcomes 
in such systems. A more productive approach is to 
try to focus on a smaller set of variables and sub-
variables that account for most of the impacts that we 
are concerned about. People use a resource, in this 
case forests, to generate a wide range of benefits – 
from timber and non-timber forest products to more 
intangible “resource units,” such as the mitigation of 
extreme weather events, and other ecological ser-
vices, such as predictable hydrological cycles. The 
activities of the users produce outcomes in forests, 
both in negative (deforestation, degradation) and 
positive (sustainability, restoration) ways. The lives 
and well-being of many people may be positively 
influenced through the income and employment gen-
erated from forest-related activities, or they may be 
negatively influenced by the loss of forests, declines 
in productivity, and loss of biodiversity and ecosys-
tem services. Users typically regulate access to the 
resource through some kind of governance system 
that may be devised by those directly engaged in 
forest use or by those who benefit more indirectly 
from forest-related economic activity.
All this activity is itself embedded in a larger so-
cial-economic-political context, and in larger related 
ecosystems. Ostrom’s conceptual framework of the 
relationship between these components is depicted 
in Figure 11.1.
The problem of complexity is immediately ap-
parent. For example, it is not only a question of how 
and how extensively forests are being used as a result 
of population increases, equally important are the 
social changes and changes in population distribution 
in the larger setting. Out of the estimated 1.0–1.5 
billion forest resource-dependent poor in the world, 
only 60 million depend primarily on forests for their 
livelihoods. The rest live in the margins of forests 
or are smallholder farmers who grow farm trees or 
manage remnant forests for their subsistence (Scherr 
et al. 2004). The majority of people in the world live 
at forest edges, at some distance from forests or, 
increasingly, in large urban agglomerations. Even in 
Figure 11.1. A multi-tier framework for analysing a social-ecological 
system (Ostrom 2007, Copyright 2007 National Academy of Sciences 
(NAS), U.S.A; reprinted with the permission of NAS).
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the developing world, economic growth is becoming 
more dependent on services and less so on manu-
facturing and agriculture. With changing economies 
and changing living environments and cultures, the 
values and attitudes of people towards forests are also 
changing. Such changes will be reflected in all the 
components of Figure 11.1, in the number of users, 
the kinds of benefits they want to see from forests, the 
likelihood that they will be indirect rather than direct 
forest users, and the kinds of governance systems that 
they will regard as legitimately restricting access and 
distributing costs and benefits from forest use.
11.1.2 Changing Social Structures
and Institutions
People act as individuals, as households, and as 
communities either at very local, national, or even 
global levels. People form diverse social structures 
and institutions of power and decision-making at all 
levels. In many societies, these may be quite stable. 
However, these structures transform with the op-
erational environment and changing activities, and 
people’s values and attitudes change simultaneously. 
Yet some structures and institutions do not change 
even when the operational environment changes. 
The result is a mismatch between the expectations 
of resource users and the capacity of the forest itself 
to meet these expectations. Without an appropriate 
governance system, this mismatch will more or less 
rapidly degrade the resource itself, perhaps to the 
point where resilience is damaged and changes in 
the previously forested ecosystems take place that 
are difficult or impossible to reverse.
Thus, governance is critical (see Chapter 23). 
Some changes in the human activities that influence 
forests are immediate and occur in the short term. 
Others, and often more important ones, are of in-
direct nature and can be seen in longer, historical 
dimensions. Social changes, including demograph-
ic changes, can bring about changes in power and 
decision-making; for example, which sections or 
strata of people devise governance arrangements. 
Formation and evolution of governance systems is 
a social process, so that policies deriving from the 
governance system are also socially determined. 
Nonetheless, there is often a serious mismatch of 
scales in which the dominant governance system is 
unable to include the most important variables that 
affect outcomes, whether ecological, social, or both 
(Cumming et al. 2006).
The other main conclusion from the socio-eco-
logical systems literature is even more worrying. 
There is strong evidence that, given sufficient time, 
social and ecological systems can co-evolve, main-
taining resilience in both the social and ecosystem 
components in the face of change from both within 
and outside the system. Learning takes place and 
new linkages and feedback mechanisms are cre-
ated. What many of the world’s forests currently 
face, however, are scenarios of rapid change that 
tend to push both social and ecological systems to-
wards conditions where the historical relationships 
between the components can no longer be sustained. 
Their resilience has been lost and these systems will 
not return to their historic states after the shocks that 
they are receiving. The speed and intensity of these 
changes leave little opportunity for learning. Once 
socio-ecological systems pass this point, we are in 
uncharted territory. Unless we can understand the 
main social causes of this kind of pressure, we will 
not be able to identify prospects for managing and 
mitigating them. The more we can anticipate these 
causes and their likely consequences, the more time 
governments and people will have to devise appro-
priate responses.
The key ongoing social changes are reflected in 
globalisation of the timber industry, shifts in national 
policies regarding forest management, and devolu-
tion of power to forest management communities 
in some countries. All these, as well as the ecologi-
cal changes, are covered in other chapters of this 
book. As recommended by Ostrom, the approach 
taken here is to focus on a small set of variables 
that are impacting on the socio-ecological system. 
Here we mostly concentrate on the main ongoing 
demographic changes and on people’s perceptions, 
again reflected and mediated on society’s power 
structures and institutions. Individuals and societies 
are an essential part of the larger social, economic, 
and political settings and, equally, are actors in the 
social-ecological system. In the dynamic interplay of 
society and the environment, mutual understanding 
of the perceptions and attitudes between individuals 
and groups of people may carry over to new and posi-
tive solutions, both for people and nature. Contradict-
ing perceptions and, potentially, consequent mistrust 
and antagonism may cause conflict and inefficient 
management of the natural resource.
11.2 Population Dynamics
Impacting on Global Forests
Decisions by societies – social values and attitudes, 
including political decisions whether democratic or 
not – have been and will be reflected in the human 
landscape and on forested land. Human impacts ex-
tend over the inhabited areas, but also to untouched 
wilderness. There is no linear connection between 
population and forest cover, as forest cover depends 
on a wide range of natural conditions. Although for-
ests are often protected or planted when population 
204
11 FORESTRY IN CHANGING SOCIAL LANDSCAPES
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
11 FORESTRY IN CHANGING SOCIAL LANDSCAPES
pressure increases, this is usually only in the high 
productivity zones, rarely in areas of low productivity 
(Persson 2003). Also, trees on agricultural land are 
often associated with aridity: the more humid the 
climate, the higher the level of tree cover.
11.2.1 Population Numbers and 
Decreasing Land Resource
The global population reached 6.8 billion in 2009, 
and has been projected to surpass 9 billion by 2050 
(UN 2009a). This increase of more than 2 billion 
new people on the planet by 2050 is equivalent to the 
combined populations of China and India today. The 
land area per capita to feed all the people will decline 
to a mere 1.5 ha in 2050, just one third of the 4.3 ha 
available per person in the early 1960s.
Today, roughly half of world forests are in the 
tropics, mainly in developing regions; the other half 
is in the developed world. The additional 2 billion 
people expected to be born in the next 40 years will 
mostly be in developing countries – the proportion 
of people in the developing world will increase from 
about 82% of world population to 88% by 2050 (UN 
2009a). The population change in more developed 
regions is projected to be minimal; for example, the 
population will be diminishing in northern and west-
ern Europe, in Ukraine and the Russian Federation, 
Japan, and the Republic of Korea.
Growing Demand for Food
The global demand for food, feed, and fibre will 
nearly double with increased population. Yet, already 
over 1 billion (that is 1000 million) of the world’s 
people are estimated to be chronically undernour-
ished today (FAO 2009). Even if the lack of land is 
not the main cause of global hunger today, it is clear 
that with increased population, more land will be 
needed to meet the increased demand for food and to 
meet the United Nations (UN) Millennium Develop-
ment Goals. Globally, 78% of the increase in agri-
cultural crop outputs between 1961 and 1999 were 
attributable to yield and productivity increases, and 
only 22% to the expansion of arable land. By con-
trast, in sub-Saharan Africa, only 34% of increased 
output was derived from yield increases, and the re-
maining 66% came from expanding the farmed area 
(Hassan et al. 2005). Two-thirds of Africa’s arable 
land suffered degradation from 1950 to 1990, and 
two-thirds of the remainder may suffer the same fate 
by 2025. Without improved agricultural productivity, 
rising food demand alone will perpetuate continued 
deforestation and forest degradation.
Agricultural productivity is not the only factor 
that will affect forests; changing consumption pat-
terns and consequent shifts in agricultural production 
might lead to deforestation and degradation of forest 
quality. In turn, this will affect ecosystem condi-
tions and ecosystem services. The structure of con-
sumption changes with higher personal income and 
products associated with higher income, especially 
livestock products, fats, and coffee, have large land 
requirements. In the near future, consumption pat-
terns will form a very important variable for total 
land requirements on the global scale. As an example 
of the impacts of such changes on consumption, in 
the Netherlands in the period 1950–1990, larger de-
mand for more affluent foods, such as cheese, bever-
ages, fruits, and meat, led to a 40% rise of per capita 
land requirements (Gerbens-Leenes and Nonhebel 
2005).
With freely operating markets and trade, the dis-
parities in global supply and demand of food and 
feed could be met. However, that is not the case. 
The pressures on land in some Asian and Middle 
East countries have led to land leases, for example 
in sub-Saharan Africa. These large-scale leases are 
mainly to produce agricultural products or energy for 
export, possibly causing deforestation, contravening 
local land uses, and aggravating local food insecurity 
(see Box 11.4 on potential future areas of conflict). 
Land use will continue to be an issue with increasing 
demand for food and energy feedstocks, and with 
rising food and energy prices.
Increased demand for agricultural products and 
energy feed stocks brings up the role of forests 
also through another way: water availability may 
be threatened by land use changes, for example in 
deforested or degraded watersheds, or by excessive 
use of water by non-suitable tree species plantations. 
Almost 90% of an individual's water requirement 
is needed for food production. In China, per capita 
water requirement for animal products alone has in-
creased by about 3.3% per year since 1996, while 
Chinese diets have shifted towards animal products, 
particularly meat (Liu and Savenije 2008).
Growing Demand for Forest Products
While increasing populations will demand more food 
for humans and feed for animals, they will also re-
quire more forest and tree products. Overall, use of 
materials and energy will continue to rise in absolute 
terms over time, even if changes in materials and en-
ergy intensity declines with growing Gross Domes-
tic Product (GDP), as is usually the case. However, 
concerns expressed about forest land availability to 
meet long term demands for industrial wood seem 
to be overstated. Fibre supply from planted forests is 
set to eliminate any lingering spectre of wood short-
age globally, if not always locally (Evans 2009), and 
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plantations are estimated to supply up to 64% of 
industrial timber supply in 2050 (FAO 2001). At the 
same time, an increasing share of national and local 
timber supply is being met by small scale and farm 
forestry. In Kenya today, farms have an average 10% 
tree cover, and some 70% of industrial timber de-
mands in Pakistan and India are met from farms.
A positive sign is the slowdown of global popula-
tion growth. The rate at which pressures are building 
up on natural resources – land, water, and biodiversity 
– will be somewhat tempered during the coming 40 
years. Several countries in the developed world have 
entered the phase where forest cover is increasing, 
after the initial drop in the beginning of the indus-
trial era. For example, in Europe, the net forest area 
increase between 2000 and 2005 was approximately 
3 million hectares. However, the progress made in 
increasing the forest cover in China and Viet Nam, 
for example, indicates that forest cover growth can 
be reached well before the post-industrial stage of 
the economy (see e.g., Kauppi et al. 2006, Mather 
2006, Meyfroidt and Lambin 2008).
Much of the future growth in energy demand is 
expected to occur in the less developed regions. It 
will be driven by the increased number of people and, 
more importantly, by rising incomes. In the develop-
ing world, even in densely populated areas in Asia 
and Africa, the dependence on biomass for energy 
will continue with continued high demand for char-
coal and fuelwood. Eighty-nine percent of people and 
a similar share (84%) of small and medium enter-
prises (SMEs) in sub-Saharan Africa rely mainly on 
solid woodfuels, such as wood and charcoal or crop 
waste, for their energy requirements. It is projected 
that in sub-Saharan Africa alone there will be 627 
million people using biomass in 2015, compared to 
575 million in 2004 (Cotula et al. 2008). Population 
growth without an accompanying growth in afford-
able energy supply implies continued pressure on 
forests and tree resources, particularly in dry forests 
and open woodlands.
11.2.2 Population Distribution
People are very unevenly distributed on land and 
are increasingly concentrated. Human agglomeration 
and urban developed areas can be claimed to con-
stitute the foundations of modern economic growth, 
wealth creation, and development, often setting the 
pace for social change and new social systems.
Nearly 200 million people migrated internation-
ally in 2006 (UN 2009b), and many more within 
their own countries. Net migration from developing 
to developed countries alone is projected to average 
2.4 million persons annually from 2009 to 2050. 
Adding to these numbers, there may be over 150–200 
million climate change refugees by the middle of 
this century, as estimated by United Nations (UN 
2009b).
Urbanisation Changing the Landscape
Use of materials, energy, and transport are concen-
trated mostly in urban areas. New demands for ser-
vices are being placed on forests in urban environ-
ments: for fighting pollution, reducing noise, and 
for recreation and human well-being. Beyond the 
Photo 11.1 Raising demand for food and biomass for energy imply continued pressures 
on forests and tree resources in many parts of the world.
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role of forests in the urban environment, forests in 
the rural-urban fringe are widely used for the needs 
of urban-dwellers.
Urban areas now contain about half of the world’s 
population on 3% of the planet’s terrestrial surface. 
High-income countries today typically have 70–80% 
of their population in urban areas, although high lev-
els of urbanisation also occur in lower income coun-
tries in Latin America. The United Nations estimates 
that same share of the global urban population will 
increase to 70% in 2050, that is, to 6.4 billion (UN 
2008).
During the current decade, some 250–310 mil-
lion people – mainly young people – will move into 
towns and cities. Urban residents will have a much 
higher natural reproduction rate than that in rural 
areas due to the younger age structure. Population 
growth over the next several decades is expected to 
be concentrated in the poorest urban communities in 
sub-Saharan Africa, south Asia, and the Middle East. 
It has been projected that by 2050, urban dwellers 
will likely account for 86% of the population of the 
more developed regions, and for 67% of people in 
the less-developed regions. Africa is the world’s fast-
est urbanising region and, alarmingly, current trends 
show that 90% of new developments in cities occur 
in slums. Already, an estimated 37% of the urban 
population in the less-developed regions is living in 
overcrowded, poor quality conditions (Moreno and 
Warah 2006).
Although very large cities with more than 10 mil-
lion inhabitants are still growing, such mega-cities 
will account for a small, although increasing, share 
of the world’s population. At least half of the world’s 
people will live in smaller urban centres that have 
fewer than half a million inhabitants. Whatever the 
pattern of urban growth, it implies further fragmenta-
tion of existing landscapes, with intermediate land 
uses and continuous changes. All this may further 
fragment forests and woodlands. In the urban fringes 
in more densely populated areas, land development 
competition will lead to increased land prices.
Rural Areas as Resource Base
Some developing-country regions, like parts of Asia, 
are largely rural. Today, Africa and Asia account for 
almost 90% of the world's rural populations. Even 
if urban areas often set the pace and possibly the 
structure of social change, rural areas will remain 
the resource base for growth and development. Yet, 
the divide between urban and rural is not always 
clear-cut, as regions are increasingly functionally 
integrated. Securing and maintaining the rural pro-
duction functions in a sustainable way certainly will 
require new approaches in management and tech-
nology, and specifically in governance of land and 
natural resources.
The rural population is already decreasing in 
Europe, and the world rural population is projected 
to start decreasing in about a decade, with an even 
larger decrease in rural working-age population 
(UN 2008). In 2050, 0.6 billion fewer rural inhabit-
ants are expected than today, with far-reaching im-
plications for agricultural and forest productivity. 
Improved technology and development is needed, 
and possibly more extensive production on a global 
scale parallel to intensive land use around local and 
regional consumption centres. This decline in the 
rural labour force will be a constraint on the capac-
ity of many rural areas to meet demands for food, 
fodder, energy, and managing regional ecosystem 
services. This includes activities needed to mitigate 
and adapt to climate change. The current planetary 
land-use patterns may have to change fundamentally, 
as they are the sub-optimal result of erratic historical 
processes, done without global sustainability consid-
erations of the present economies and numbers and 
concentrations of people. An effort towards optimal 
land use planning will be a challenge at all levels. 
Optimal land use planning at a global scale, however, 
is currently a utopian idea (see Schellnhuber and 
Huber 2009).
At the same time, rural functions are changing. 
Traditional agricultural and forestry activities are 
declining in relation to other sectors. In most devel-
oped countries, the main rural occupations are now 
in services rather than agriculture or forestry. The 
decline in traditional forest sector employment – in 
forest management, logging, and processing – has 
been most abrupt in many countries, for example in 
Eastern Europe. At the time of these changes, the 
profitability of forestry has also been challenged 
with globalisation and market changes. New prod-
ucts and innovations have been called for in histori-
cally forestry-based economies of North America 
and Europe.
Rural areas in the developed world are becom-
ing more and more differentiated and complex, not 
only in relation to production potential, but also in 
relation to social structures and their future develop-
ment prospects. The decline in the role of traditional 
forestry, and increasingly diverse views about some 
management practices in many parts of Europe and 
North America, have considerably reduced the social 
acceptance of traditional forestry (see Boxes 11.2 and 
11.3; e.g., Niskanen et al. 2008). Yet local use for 
diverse non-wood forest products continues and has 
important contributions for the rural population.
In the developing world, local dependency on 
forests for household, social, and cultural needs will 
continue, even with slowly declining rural population 
pressure. However, land use and property rights will 
continue to be contested because of competition be-
tween local uses and the need to provide both goods 
11 FORESTRY IN CHANGING SOCIAL LANDSCAPES
207
11 FORESTRY IN CHANGING SOCIAL LANDSCAPES
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
and services for the growing urban populations. 
Conservation measures will be increasingly critical 
for long-term soil productivity, erosion control, and 
maintenance of biodiversity.
11.3 Changing Attitudes and 
Perception Regarding Forests
As explained in section 11.1, the social meaning and 
individual perception of “forest” is culturally formed, 
and the way that forests are represented is likely to 
differ between societies. Each interpretation is done 
in the context of each society's own local natural and 
socio-cultural environment. The whole concept of 
forest may differ by local climate and natural condi-
tions, and between individuals and groups. Where 
the forest starts and what it consists of, which tree 
species make a forest, what is accepted as “trees” 
are all open to different interpretations.
Local natural resource management systems work 
in spatial-temporal cycles of land use and production. 
Can forests, trees, and agricultural fields be identified 
and separated if cultivation is done for a few years 
only, then forest vegetation returns, then is cleared 
again for subsequent food crops? Many traditional 
cultivation systems are multiple use; changing ag-
ricultural mosaics contain trees for many purposes: 
food crops, and pastures – wooded or not – both for 
short and long term use. Forests can also be a wilder-
ness, where we may see them as “all good things are 
wild and free” or as threatening, hostile, and wild.
Trees are an integral part of the agricultural land-
scape in most parts of the world. Roughly estimated, 
7% of global land classified as agricultural has more 
than 50% tree cover, and some lands with tree crops 
are undoubtedly classified as forests. Almost all of 
Central American agricultural land has over 10% tree 
cover, as does most (82%) of southeast Asian, and 
81% of South American agricultural lands (Zomer 
et al. 2009).
Forests can be part of a continuum of complemen-
tary and often interchangeable land uses (Schmith-
üsen 1995). A study on land use developments for 
5000 km2 in the Black Forest in Germany shows 
that the classified forest area increased between 1780 
and 1985 from 32% to 53%, whereas the land area 
for combined uses decreased from 30% in 1780 to 
13% during the second half of the 19th century, and 
to nil beyond 1902 (Schmidt 1989). In this case, the 
separation between forests, pastures, and agricul-
tural land has been slow to be complete. There are 
many other examples in Europe, especially in the 
Alps and Mediterranean regions, where combined 
uses continue to exist in spite of the wider trend to 
reduce them.
11.3.1 Forestry Paradigm Change
The forestry paradigm, a concept of science-based 
forest management established by Hartig (1795) in 
the 18th century and adopted subsequently across 
the world (see Tsouvalis 2000), is slowly changing 
from sustainable yield towards more comprehensive 
sustainability, including environmental and social 
values, at a varying pace in different parts of the 
world. As early as the 1920s, the first voices in Eng-
land were heard against the most easily perceptible 
negative aspects of single species plantations: their 
unpleasant effect on landscape variety. The monot-
ony of rectangles of dark conifers across the land 
was considered to detract from the visual aspect of 
a landscape. In 1928, conifer plantations even led to 
public protest and indignation in sites with national 
cultural associations, such as the New Forest and in 
the Lake District (Nail 2008).
The post-industrial paradigm in forestry is based 
on the notion that there is public interest in forests. 
As Mather (2000) points out, this paradigm change 
occurred initially in relation to natural forests in 
Australia and New Zealand, as well as in areas such 
as the United States Pacific Northwest. In the “New 
World,” it took time to attract opposition to the inten-
sive management of industrial plantations as much 
as to logging of “old-growth” forests. In parts of 
Europe, there are signs that similar shifts are occur-
ring in perception of plantations. Views and attitudes 
to industrial plantations versus natural forests have 
both “elements of constancy and of change” (see 
Box 11.1).
The paradigm change involves, and calls for, a 
wider scope of forests and forestry. Most often, only 
the needs and demands for forest goods and services 
are measured and evaluated. However, consideration 
of attitudes and perceptions is equally important for 
public support and social acceptance – and most im-
portantly for success of implementation of activities 
– in the ongoing new challenges about forests. The 
values, beliefs, or practices of human groups deter-
mine the success of forests and forestry, together 
with good governance, which is also based on culture 
and worldviews of the community. A prerequisite 
for positive results in participation and cooperation 
in decision-making on the use of forests is under-
standing the perceptions and priorities of all relevant 
stakeholder groups. Such an understanding would 
lead to better implementation of sustainable man-
agement and more effective conservation measures 
in forests.
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Box 11.1 Australians’ attitudes to forests
Peter Kanowski
Australia is a wealthy country with unique native 
forests, predominantly woodlands, covering about 
20% of its land area. European colonists began set-
tling Australia in the late 18th century, dispossessing 
and displacing the original Aboriginal inhabitants. 
In the process of settlement and economic develop-
ment, the settlers converted about half of Australia’s 
forests to agriculture and pastoralism. Most of Aus-
tralia’s industrial wood production now derives from 
the plantation forests, established on a large scale 
since the 1960s, but occupying only 1% of national 
forest area. Australia has become one of the world’s 
most urbanised nations, with more than 85% of its 
population living in coastal cities.
These historical and demographic factors, and 
a conjunction of cultural, economic, and social fac-
tors, have shaped Australians’ attitudes to forests. 
For Aboriginal Australians, forests remain an in-
tegral part of “country,” inseparable from identity. 
The forests are imbued with cultural significance 
and customary knowledge, but are also a neces-
sary and legitimate source of livelihoods so long as 
these are generated in ways respectful of cultural 
and environmental values.
Among non-Aboriginal Australians, attitudes 
to native forests have evolved from those of the 
settlement era to those of an affluent, predominantly 
urban society. The dominant attitude of settler soci-
ety was to see forests largely as an impediment to 
agricultural development and as a timber resource. 
This view was epitomised in 1931 by a public 
inquiry into the fate of the tropical rainforests of 
northeastern Australia, which concluded that “the 
productive wealth of the country at present suffers 
from the fact that there are too many, rather than too 
few, trees” (Carron 1985). However, alternative dis-
courses existed from the time of settlement, and had 
gathered sufficient strength by the end of the 19th 
century to catalyse the reservation of forests from 
conversion, and their management for conservation 
and production by professional foresters.
As Australian society became richer and more 
urbanised during the 20th century, and as increasing 
areas of native forest were clearfelled for plantation 
establishment or wood production in the 1960s and 
1970s, community attitudes shifted to emphasise the 
forests’ environmental values. Old-growth forests 
– particularly those in the relatively limited extent 
of rainforest and wet eucalypt forest types – came 
to assume a particular, iconic, significance in the 
minds of many Australians. By the turn of the 21st 
century, most of these forests had been reserved 
from wood production or conversion to other land 
uses. In many rural communities, the “Landcare” 
movement that emerged in the 1980s reflected a 
growing recognition amongst farmers and rural resi-
dents that too many environmental values of rural 
landscapes had been lost in the earlier development-
oriented era. The movement called for a practical 
commitment for the restoration and rehabilitation 
of key components of these now largely agricultural 
landscapes.
For most of the 20th century, industrial planta-
tion forests were established almost exclusively on 
forested land, reflecting the dominant societal view 
that this was less valuable than agricultural land. 
Since the 1970s, community attitudes to land use 
have switched, and public policy has increasingly 
promoted plantation production. The consequent 
rapid expansion of plantations on farmland in some 
parts of Australia generated opposition in many ru-
ral communities where residents expressed dissat-
isfaction with the landscape and perceived social 
impacts of plantation forests. Instead, a preference 
for more integrated farm-forestry systems was ex-
pressed. While concern about rapid and inappropri-
ate landscape change remains strong, attitudes to the 
social impacts of plantation forests have moderated 
as research results inform communities and policy-
makers that the economic and social impacts of this 
land use change have not usually been adverse.
Contemporary Australian attitudes to forests 
thus have elements of both constancy and change. 
Aboriginal Australians’ attitudes have remained 
consistent, despite their colonisation and attendant 
disempowerment; recent legal decisions and policy 
initiatives returning forest ownership and manage-
ment authority to Aboriginal people have begun to 
enable their views. Other Australians are increas-
ingly sharing Aboriginal Australians’ respect for 
native forests, although many urban Australians ap-
pear unable to reconcile the joint conservation and 
utilitarian values of forests that Aboriginal culture 
recognises. Research suggests that most Australians 
would welcome more forested rural landscapes in 
which agriculture and tree growing were more in-
tegrated. Landscape-scale transformation, however, 
is unlikely to emerge until policy measures, such 
as payments for environmental services, generate 
adequate funding.
Key sources: Bonyhady 2000, Campbell 1994, Car-
ron 1985, Cooperative Research Centre for For-
estry, Dargavel 1995, Feary 2008, Kanowski and 
Williams 2009, Montreal Process Implementation 
Group 2008, Wentworth Group of Concerned Sci-
entists 2009.
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Universal Attitudes and Perceptions?
Post-industrial values are often connected with urban 
values. The human-nature relationship has evolved 
from the Biblical anthropocentrism to biocentrism of 
the Romantic era, and further to the post-industrial 
society, where human life is considered independent 
from the physical world. Independence, however, 
does not necessarily mean indifference to nature.
In the developed world – also, for example, in 
European rural development policies – increasingly, 
rural inhabitants place greater emphasis on the role 
of forests in maintaining ecological and social val-
ues. Even if rural inhabitants do not use forests for 
any economic reasons, or simply as an attractive 
surrounding for leisure activities, forests often have 
great symbolic value either as a constituent of rural 
identity or as a representation of nature (Elands et al. 
2004). In individual interviews in the 16 case study 
areas in Europe about how local people regarded 
the contribution of forests to quality of life, it was 
striking that the longer the forestry tradition in the 
area, the more forestry was perceived as positive 
(Elands et al. 2004).
We can see, therefore, that the attitudes and per-
ceptions of people towards forests depends on the 
relationship between their society and their environ-
ment. The extent to which societies or individuals 
see themselves as either separate from or part of the 
wider physical or “natural” environment, determines 
the society’s attitudes and perceptions to nature. 
However, even more is needed than seeing just the 
interconnections in the fast changing environment; 
as Heyd and Brooks (2008) propose, the inability to 
understand the dynamic and variable systems of na-
ture will make it more difficult to respond to changes 
in the environment.
The relationship between people and forests, as 
well as between rural and urban, is not simple. The 
key characteristics of many rural areas are disappear-
ing, and the rural areas are becoming more diverse. 
Some of the traditional lifestyles, for example in 
southern Africa, imply continuous movement be-
tween cash jobs in towns and life in rural “lands.” 
Especially in the developing world, the present global 
recession may initiate migration from towns back to 
rural areas driven by unemployment.
Rural, nature-connected second or leisure homes 
are increasingly favoured with increased incomes. 
Rural tourism and global nature tourism are in-
creasing, both in volume and value. Memberships 
in environmental organisations are growing, as are 
the numbers of nature and recreation organisations 
and clubs, whose memberships in many countries 
are larger than any other civil society organisations 
except trade unions. Even in the developing coun-
tries, national and international nature organisations 
are increasingly active; education about nature, in 
many instances, is part of the training and activi-
ties of youth. The middle-class is growing in most 
parts of the world, resulting in increased leisure time, 
particularly for city inhabitants, who use the time to 
visit national parks and nature areas.
Increased communications, extensive spread of 
information, and the easier movement of people build 
people’s perceptions. Obviously, as in Box 11.3, pub-
lic media has an essential role in building the public 
view and people’s perception on forests, even for 
people who never visit forests.
As well, landscape quality and aesthetics are 
increasingly considered to be essential for human 
well-being. In many regions, such as in the United 
States, Canada, and Europe, there is “amenity migra-
tion” (i.e., mainly urban people moving to rural and 
marginal areas outside the daily commuting distance) 
permanently or intermittently, for aesthetic rather 
than for economic reasons (e.g., Chipeniuk 2006).
11.3.2 Diversity of Perceptions
It has been argued that the key dominant international 
paradigm in forestry today, that of sustainable for-
est management (SFM) (see e.g., FAO-GTZ-ITTO 
2001), does not lie in technical aspects alone, but in 
the diverse perceptions of the value of forests by the 
sectors of the population that determine their fate. 
There exist different views about what constitutes 
SFM, depending on the social meaning of forests 
reflected by the specific realities of different cultures 
in their prevailing stage of evolution.
Sustainable forest management and weighting 
the topics of its three-pillar approach to sustainabil-
ity – environmental, economic, and social – were 
compared between three different boreal regions by 
Berninger et al. (2009; see figure 11.2). The study 
areas compared were the Forest Region of southeast-
ern Finland, the Mauricie region of central Quebec, 
and the Goose Bay area of central Labrador, all hav-
ing different histories of forest use. Each area was 
represented by three to five interest groups, each 
consisting of 4–10 persons: those actively involved 
in the use or protection of forests, including envi-
ronmentalists; forestry professionals; multiple users; 
forest owners; and, in Canada, members of area First 
Nations.
The five most important indicators of SFM were 
listed by each individual and analysed (for weighting, 
see Berninger et al. 2009). Clear qualitative differ-
ences were illustrated by these individual answers: 
nature was important in all three areas, but most im-
portant in central Labrador. In southeastern Finland 
and the Mauricie, the most important issue within 
the nature topic was biodiversity, while in Labrador 
it was wildlife habitat, reflecting the importance of 
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subsistence hunting in Labrador. People from the 
Mauricie area were the most concerned about the 
permanence of forests. Southeastern Finland was 
the only place where economy and silviculture were 
ranked high as indicators of SFM.
Interestingly, the biggest differences between the 
three boreal areas were among the forestry profes-
sionals: the professional foresters in southeastern 
Finland were the most concerned about profitability, 
and the Quebec professionals about continuous wood 
supply, whereas professionals from Labrador talked 
about ecosystem integrity. No significant differences 
were detected across regions for multiple users or 
environmentalists. Berninger et al. (2009) conclude 
that people's views strongly depend on the forestry 
foundation of the local society: when moving from 
a region where industrial forestry is of great impor-
tance to a region where it is less important, forest 
values tend to be more environmentally, and also 
less economically, oriented, and also more uniform 
among the socio-cultural interest groups. Interest-
ingly enough, it is suggested that people are mainly 
concerned about changes from the existing condi-
tions, whatever they are.
Even if in Berninger et al. (2009) economy and 
silviculture ranked high in each group of those in-
terviewed in Finland, between socio-cultural groups, 
there are clearly identifiable differences within Fin-
land. Several studies have highlighted the percep-
tions and opinions of the Finnish non-industrial 
private forest owners, who own 60% of forest land. 
One of the primary reasons for these studies, so far, 
has been to secure industrial timber supply. There 
are about 440 000 private family forest holdings in 
Finland in which just over 5 million people live.
Even if every sixth Finn owns forest, their opin-
ions differ from those of the public. Concerning for-
estry practices, forest owners accepted treatments 
aimed at intensifying wood production, such as 
clearcutting, forest road construction, and ditching 
more often than other citizens. However, the clearcut-
ting method was severely criticised: 76% of the citi-
zens and 56% of forest owners did not approve of 
this type of harvesting. Forest restoration to a more 
natural state was more acceptable for non-owners 
than for forest owners (Valkeapää and Karppinen 
2010).
Figure 11.2 Individual answers of different 
interest groups placed in three-dimensional 
space, where the dimensions represent the 
environmental, economic, and social compo-
nents of sustainability. Each point represents 
the answers of one individual. The scale is the 
relative importance given to each component 
based on the respondent’s ranking. The total 
score of the three dimensions is always 15. 
The most important aspect receives the most 
points (Berninger et al. 2009, Copyright 2008 
Elsevier Ltd; reprinted with permission from 
Elsevier Ltd.).
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As shown in Box 11.2, about half of the forest 
owners supported economic utilisation of forests, 
while only one-third of the non-owners shared this 
attitude. This implies that every second forest owner 
would be ready to increase utilisation of forests at the 
expense of forest conservation, but only one in three 
among non-owners. However, biodiversity protection 
was the most important goal also for forest owners. 
Non-owners were more environmentally oriented 
than forest owners, as may have been expected.
In two regions in Spain – Cantabria, with a long 
forestry tradition and Valencia, where the Mediter-
ranean forests have been degraded mainly due to fre-
quent fires – the perceptions of residents about their 
forests were along the same lines in both regions, but 
for rather different reasons (see Box 11.3). About 
40% in Cantabria and 60% in Valencia considered 
their forests to be in poor or very poor condition. 
In Cantabria, the main reason for the poor rating 
was exotic plantations. Yet, surprisingly, more than 
one in five persons (22%) never visit the forest in 
Cantabria, and only more than one in ten (13%) in 
Valencia. Also, in both regions, the attitudes on the 
importance of forest functions were highly rated, 
although environmental benefits had different con-
notations between these two regions. In both regions, 
the potential benefits gained from their regional for-
ests were clear for the residents.
In Valencia, the benefits were strongly influenced 
by public media. Also the “Euro-barometer” on en-
vironmental attitudes shows that people get most of 
their information from the mass media (European 
Commission 2008). All information, including sci-
entific information, however, is interpreted and medi-
ated through cultures and worldviews of individuals 
and communities (Liverman 2009).
11.3.3 Will Climate Change Alter
the Public’s Attitudes to Forests?
A follower of the narrative of climate change might 
argue that in the history of climate change, public 
perceptions have followed a striking ebb-and-flow 
dynamic: peaks of attention – specifically at heights 
of international negotiations – and lapses back to 
indifference. It has not been facts, evidence, and ar-
gument, for the public, since much of the debate has 
been between scientists, politicians, and powerful 
interest groups. For the public in the western world, 
perceptions have been based largely on images of 
melting glaciers and polar bears. The developing 
world has more concrete experience with El Niño 
events, erratic rains, and other extreme weather con-
ditions.
A study of climate change perceptions of North 
Americans (Leiserowitz 2006) concluded that the 
American public had moderate risk perceptions of 
climate change that appear to be driven primarily by 
the perception of danger to geographically distant 
people, places, and non-human nature. “Global” cli-
mate change is unlikely to become a national high-
priority issue until Americans consider themselves 
personally at risk” (Leiserowitz 2006). This applies 
to other nations as well, where the public may not 
be able to see the influences of climate change on 
their own lives (see Chipeniuk 1998). As in social 
acceptance of new bioenergy, the acceptance depends 
on how the accompanying technology is perceived 
by society and how societies and individuals stand 
to benefit from it by job creation, contribution to 
regional economy, and income improvement. Con-
cepts like “biodiversity,” “ecosystem,” or “climate 
change” may have little reality in the minds of the 
university-educated, much less in the minds of oth-
ers. As Chipeniuk points out, people with no practical 
understanding of nature have reduced ability to read 
relative biodiversity in local landscapes. Without 
profound understanding, it would be difficult to see 
the climate change effects, beyond the experienced 
annual variations.
A telephone survey conducted in 2009, including 
a total of 11 106 citizens across 27 European Union 
(EU) Member States found that, “conservation and 
protection” was overwhelmingly more important 
than “climate change” as a topic in their national 
forests (European Commission 2009). “Conservation 
and protection” was mentioned first by nearly half of 
all respondents (49%). This response was followed 
by other protection-related topics: environmental is-
sues, forest health, and pollution were mentioned by 
one in seven. Only just over one in ten named climate 
change as a first choice as a topic of importance 
about forests in their country. In relation to more 
direct personal implications on the use of forests in 
the respondent’s country, the protection of people 
from natural disasters and the detrimental effects of 
climate change was clearly ranked as very important 
by 57% of EU citizens. In total, over three-quarters of 
EU citizens ranked this protective function of forests 
against disasters and climate change as important 
to very important. Also, 74% of all the respondents 
suggested that forests should be more or much more 
actively managed to protect people from these di-
sasters. As a matter of fact, more EU citizens called 
for more active management to protect people from 
disasters and climate change, rather than for man-
agement to provide wood (European Commission 
2009). Yet, again the concept of “management” may 
have diverse meanings to different social groups and 
individuals (see Boxes 11.3 and 11.5).
Most of the decisions for mitigation and adapta-
tion activities are based on some expert’s recommen-
dations. This expert knowledge does not formulate 
the layperson’s perceptions. Individual perceptions 
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Heimo Karppinen and Annukka Valkeapää
The differences in attitudes about forests between 
ordinary Finnish citizens and non-industrial private 
forest owners towards forest conservation and the 
economic utilisation of forests were compared by 
Karppinen and Hänninen (2000) using personal 
interview data and multivariate methods. Four at-
titude groups were identified (Figure 11.3). There 
were non-forest owning citizens who supported ei-
ther increased forest utilisation or increased forest 
conservation, and rejected the alternative. Multi-
functionalists supported both increased conserva-
tion and economic utilisation of forests. This kind 
of attitude seems to be in line with the international 
environmental agreements emphasising multiple-
use of forests and the common assessment of the 
abundance of forest resources in Finland. Finally, 
there were citizens who opposed both. Such indif-
ferent citizens obviously accept the present situa-
tion or are disinterested in the issue.
Forest owners’ attitudes towards forestry dif-
fered from those of other Finns. About half of the 
forest owners belonged to the supporters of eco-
nomic utilisation of forests, while only one in three 
of the non-owners shared this attitude. One-fifth 
of the forest owners supported conservation at the 
expense of wood production, whereas conserva-
tion supporters amounted to one-fourth of the non-
owners.
Box 11.2 Do attitudes about forests differ between ordinary citizens and forest owners?
Table 11.1 Importance of forest policy goals for forest owners and other citizens. Group 
means and p-values for Mann-Whitney’s non-parametric test for two independent samples. 
(scale: 5 –very important, 1 – not at all important).
Forest policy goal Importance Importance P-value for
 for forest for other Mann-Whitney
 owners owners test
Protecting biodiversity 4.3 4.5 0.000
Support for rural livelihood 4.2 4.0 0.000
Scenic values 4.0 4.1 0.058
Support for employment 3.9 3.8 0.289
Profitability of forestry 3.9 3.3 0.000
Increasing use of wood energy 3.7 3.2 0.000
Preconditions for recreation 3.5 3.8 0.000
Forest owners’ income 3.4 2.3 0.000
Conservation of forests in northern Finland 3.3 3.6 0.000
Preconditions for forest industry 3.3 3.0 0.000
Increasing wood production 3.3 2.9 0.000
Conservation of forests in southern Finland 3.1 3.6 0.000
Cultural aspects of forests 3.1 3.2 0.185
Preconditions for tourism 2.8 2.9 0.144
Revenue for state 2.2 2.2 0.959
Figure 11.3 Forest attitudes of forest owners and 
other citizens. (+ positive,  –  negative)
Valkeapää et al. (2009) inquired into Finnish 
citizens’ opinions on the importance of various 
forest policy goals and their acceptance of dif-
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on forests are based on very personal concerns, on 
the individual’s cultural, psychological, and social 
values. Hence, to simply adapt to and act in objec-
tive conditions of the natural environment is difficult 
for people who may not see the impacts of climate 
change to their own lives. At the pragmatic day-to-
day level, as well as on the political arena, climate 
change policy will not receive the support needed 
for implementation unless cultures, perceptions, and 
values are taken into account.
11.4 Conflicts Over Natural 
Resources and Forests
Even without an open conflict, contradicting per-
ceptions and attitudes, and consequent mistrust and 
antagonism, often cause inefficient management, 
aggravate the existing imbalance between the ac-
tors, and increase friction. Resource conflict is more 
prevalent these days, and this is not merely an illu-
sion generated by more research. Disagreements over 
natural resources such as forests, land, and water are 
common (Buckles 1999, FAO 2000) as the parties 
involved perceive a threat to their needs, interests, 
or concerns. These conflicts, whether minor clashes 
or open war, however, may serve a positive function 
as a driver of social change.
11.4.1 Underlying Causes and Actors
Various drivers, which are dynamic and may shift 
over time, contribute to the emergence and prolonga-
tion of resource conflict. Some are highly specific 
to certain contexts, but others are common across 
geographical and cultural settings. One school of 
thought views scarcity as a main driver for conflict. 
More people compete for fewer resources, making 
it harder for some groups to sustain their livelihoods 
and well-being (Homer-Dixon 1999). However, Pe-
luso and Watts (2001) reject a simplistic linear rela-
tionship between scarcity and conflict. They argue 
that there is much more than scarcity that explains 
conflict situation. Natural resources are arenas upon 
which stakeholders attach value, contest claims, and 
struggle for legitimacy. Conflict can be understood 
by looking at the interplay between local and extra-
local factors. Conflict is embedded in the historical 
context and wider processes that take place at higher 
levels. Thus, conflict cannot be reduced to scarcity 
alone; it must be understood within the web of so-
cial, historical, and political contexts and the inter-
relationships among them. A recent global review 
based on conflict cases from Africa, Asia, Europe, 
and Latin America highlights that conflict over natu-
ral resources is rarely about a single issue. Various 
drivers work at the same time; as conflict develops 
some issues shift, new ones arise, and others become 
no longer relevant (Adams et al. 2003).
Conversely, the resource curse, or greed-driven 
conflict theory, argues that conflict is derived from 
resource abundance. Resources such as forests, oil, 
and diamonds motivate and often finance conflict 
in resource-rich countries in Asia, Africa, and Latin 
America (de Koning et al. 2008).
Mainstream conflict theories divide actors based 
on the nature of the parties and the levels of so-
cial structure that they represent (Mack and Snyder 
1957). Conflict includes interpersonal and intergroup 
antagonisms. Meanwhile, LeVine (1961) defines 
conflict by types of parties, according to the levels 
of social structure, such as: intrafamily, intracom-
munity, intercommunity, and intercultural. Galtung 
(1965) argues that one needs only distinguish two 
types of actors: individuals and collective entities. 
Actors can be defined in different ways. In the con-
text of resource conflict, we can consider actors, 
ferent forestry practices. Based on the same data, 
forest owners’ opinions were compared with those 
of other citizens (Table 11.1). The most important 
forest policy goals for both groups were protecting 
biodiversity, support for rural livelihoods, scenic 
values, and support for employment. Non-owners 
emphasised forest conservation and recreational 
values, while forest owners underlined the profit-
ability of forestry and the increased use of wood 
energy.
American studies have not reported significant 
differences between the attitudes of forest owners 
and other citizens (Bliss et al. 1994, 1997; Bourke 
and Luloff 1994). Nonetheless, Bliss et al. (1997) 
found differences in attitudes among forest own-
ers. Differences were detected between timber sell-
ers who used professional forestry assistance, and 
non-sellers. According to Karppinen and Hänninen 
(2000), the different results for Finland and the USA 
could be explained by the relatively high frequency 
of timber sales and the intensity of contacts to for-
estry extension organisations among Finnish forest 
owners. It is obvious that the majority of the Finnish 
forest owners resemble American timber sellers. 
However, the primary reason for this disparity of 
attitudes is diverse landowner objectives. Finnish 
owners are clearly more often timber production 
oriented than their American counterparts.
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Miguel Fabra-Crespo
A survey was carried out by personal interviews in 
Valencia in 2002, and in Cantabria in 2004 to 1111 
citizens in each region. The interviews were devel-
oped in the frame of the Regional Forest Programs 
in both regions by the initiative of the government 
forest department.
More than half of the people in both regions had 
visited a forest less than five times or never during 
the post year (“never” in Cantabria 22%, and 13% in 
Valencia). One-quarter (25%) of those interviewed 
in both regions had visited their local forest more 
than 20 times in the post year.
As perceived by the residents, the condition of 
the forests was considered poor in Valencia (60% 
bad and very bad) more often than in Cantabria 
(40% bad and very bad). The reason for the poor 
state of forests in Valencia was given as the accu-
mulation of biomass in bushes and undergrowth, 
which was seen as a dangerous fuel for forest fires 
that are typical in the Mediterranean forests. This 
deterioration has occurred mainly during the last 
two decades due to the drop in profitability of sheep 
and goat husbandry. Cattle have previously con-
trolled the excess vegetation in forests.
In Cantabria, the poor state of the forests was 
seen to be due to the increase of exotic species 
planted in the region (Eucalyptus mainly) for use 
in the paper industry in the neighbouring regions. 
These exotic plantations carry a bad reputation 
because of their ecological consequences, such as 
acidification of the soil and decreasing biodiversity. 
Also, paper mills in the region had a bad image 
because of their high chemical pollution.
There were noticeable differences in the news 
sources on the topic of information on forests. In 
Valencia, the main source of information was “from 
TV in Valencia region,” as there are two regional 
TV channels. In Cantabria, the first source of news 
was the press. Apparently, the attitude and percep-
tions of forests are built and based on informa-
tion coming from the media, not necessarily from 
personal experience from visiting the forest. In 
Valencia region, most news in 2002 was related to 
forest fires, because it is an important issue mainly 
during summers. In Cantabria, the news was spread 
among more issues such as rural development and 
substitution of old oak forest by Eucalyptus.
Concerning the most important function of 
forests (Figure 11.5), 93% of Valencia’s citizens 
and 96% of Cantabria’s citizens replied that the 
environmental function (forest as a protector of the 
flora, fauna, water, and soil) is clearly the most 
important and valued function; the other two, eco-
nomic (income and employment) and social (rec-
reation and landscape) functions were considered 
less important.
However, between the two regions, there was a 
clear difference in the meaning of the term “envi-
ronmental.” For Valencia people, it means to protect 
the soil from erosion and to recharge the aquifers. 
In Cantabria, “environmental” rather referred to 
the maintenance of the natural forest as against the 
Box 11.3 Comparing citizens’ perceptions of forests in the Spanish regions of  Valencia 
and Cantabria
Figure 11.4 Valencia and Cantabria in Spain are two extremely different regions: Can-
tabria is far more forested, with forest cover of 40% and 0.40 ha of forest per capita, 
and with a long tradition in wood processing. Valencia is more urban with only 0.15 ha 
of forests per capita. In Valencia, 66% of forests are private, while in Cantabria, 28% of 
forests are private. The basis for perceptions and attitudes about forests were different 
when these two areas were compared. (Map developed by Miquel Fabra-Crespo).
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plantations of exotic species like Eucalyptus.
It was somehow unexpected that in Cantabria 
the economic function was not considered to be 
more important because the timber sales are an 
important source of income for Cantabrian private 
forest owners, as well as the pasturage.
It was also unexpected that the social function 
(recreation and landscape) was considered more 
important in Cantabria as compared with Valencia. 
Valencia, with a high potential of outdoor recreation 
in forests, is characterised by the big tourism sector, 
the forest serving as an alternative to the sun and 
beach tourism. Also, there were remarkable differ-
ences in preferences by gender: women preferred 
beach (against forest) more than men did, which 
could be partly explained by the strong tradition 
of men going to hunt in forests.
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Figure 11.5 Perception of importance of the forest functions in Valencia and Cantabria.
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Figure 11.6 Perception of importance of the environmental function by age.
The views by age of the respondents concerning 
the importance of the environmental function (Fig-
ure 11.6) were rather uneven in Valencia; clearly 
those older than 55 years gave much less importance 
to the environment in Valencia than those in the 
Cantabria region. Maybe in Cantabria most people 
in all ages still have close mental contact with rural 
forests, and therefore their views were more homo-
geneous. Yet, even if the urban young people may 
have less direct contact with the forest, they have 
access to much more information. Also, the visits 
of young people to forests are increasing, not just 
because of the forest itself but as risk and adventure 
sports are practised in forest scenery.
Key sources: Conselleria de Medio Ambiente 2002, 
Consejeria de Medio Rural y Ganaderia 2004.
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for example, based on the scope of conflict: local, 
national, and international conflict. Local conflict 
may involve individuals within certain clans or vil-
lages, households, local governments, and other ac-
tors that operate at local levels, such as logging or 
mining companies (FAO 2000). Wider scale conflict, 
e.g., national or international conflict, may involve 
actors such as national agencies, national govern-
ments, multi-national companies, non-governmental 
organisations, and international organisations. Con-
flict in relation to trans-boundary resource manage-
ment may involve actors at several levels from two 
or more countries.
11.4.2 Escalation and Impacts of 
Conflict
Conflict can range from a small disagreement to 
violence and war. It is commonplace that conflict 
will intensify if not timely addressed (Glasl 1999). 
Intense conflicts do not materialise out of thin air, 
they develop gradually. The process of conflict es-
calation in the context of natural resource manage-
ment is complex (Yasmi et al. 2006). Various paths 
of escalation exist due to the peculiarities of resource 
management, e.g., multiple actors, multiple drivers, 
and a diversity of contexts, be they political, cultural, 
or demographic.
Many resource conflicts are of low intensity. 
Disputes may be over access to certain resources 
that involve several households or individuals. In 
such conflicts, actors may challenge each other’s 
legitimacy as users. Other low level conflicts may 
manifest themselves in terms of feelings of unhap-
piness, grievance and anger due to unfair decisions, 
etc. Sometimes, conflicts can spur open debate or 
verbal clash among various actors, which sometimes 
are soon settled.
Some conflicts can escalate to violence. A global 
analysis by Peluso and Watt (2001) provides exam-
ples of violent conflicts in various parts of the world. 
In the same vein, de Jong et al. (2007) demonstrate 
violent conflict in forested areas throughout the trop-
ics. They indicated that at least half of the global 
conflicts in the 20th century were in forested areas. 
In the 20th century, three-quarters of Asia’s forests 
were affected by violent conflict (Kaimowitz 2004 
– 2005).
Natural resource conflicts have multiple socio-
cultural, economic, and environmental impacts that 
are highly dependent on the escalation levels of con-
flict. The higher the escalation, the more difficult the 
conflict is to manage and thus the more likely it is 
that the impact will be destructive. In low intensity 
conflicts, negative impacts may include low trust 
among actors, unhealthy relationships, grievances, 
hostility, and social exclusion. In higher intensity 
conflicts, such as violence and war, the consequence 
can be quite serious, such as injuries, displacement, 
political instability, loss of life, and resource deg-
radation. According to Renner (2004–2005), more 
than five million people were involved in resource 
related conflicts in the 1990s, about six million fled 
to neighbouring countries, and around fifteen million 
were displaced within their own countries. Armed 
conflicts harm forest dwellers the most and often 
have negative repercussions on forest conservation 
efforts. In such situations, poverty reduction efforts 
are also likely to fail.
11.4.3 Future Conflict Over Natural 
Resources and Forests
There is no doubt that conflict will continue to exist 
in resource management due to the multitude of is-
sues involved and socio-cultural and economic com-
plexities embedded in resource management. Old 
issues, such as competing interests, unclear property 
rights, weak governance, and law enforcement in 
various countries will still be major conflict issues 
in the future. Despite progress in some countries in 
improving legal frameworks for resource manage-
ment, some countries still lag behind. Structural is-
sues, such as corruption, remain unresolved, leaving 
room for future conflict.
Tenure reforms in various parts of the world have 
led to better resource management and more forest 
areas being managed by local people (see section 
on tenure in 23.4). However, recent studies show 
that conflict is among the major issues in tenure 
reforms (Nguyen et al. 2008). Moreover, devolved 
forest management throughout the Asia-Pacific re-
gion has tended to bestow weak, ambiguous, and 
short-term rights. Many communities have been 
given fewer rights than responsibilities to manage 
forest resources. In many cases, their rights cannot 
be fully exercised because they are constrained by 
regulations, high taxes, and levies that reduce the 
potential benefits to communities – sometimes lead-
ing to conflict.
Recent initiatives on climate change mitigation 
and adaptation, and other types of Payments for Envi-
ronmental Services (PES) schemes, introduce a new 
discourse that invites debate and possibly conflict. 
For example, their success will likely be controver-
sial for a number of reasons. Some stakeholders 
may perceive incentives for participating in these 
schemes. They may reclaim their rights to land in 
order to secure benefits even when land tenure and 
property rights are not clear, as is the case in many 
developing countries.
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At the same time, Reduced Emissions from De-
forestation and Forest Degradation (REDD) schemes, 
for example, are likely to be coordinated through 
national governments. This may be controversial 
as central governments in many countries have ex-
tremely bad track records. Also, in many cases, the 
formal laws do not acknowledge indigenous peoples’ 
rights. Most lands are officially state owned, which 
makes it hard for local people to make any formal 
claims to the lands that they have traditionally used. 
While local people may be the most likely to serve 
as stewards of nature, unless the issues of property 
rights and tenure are adequately addressed, they may 
play insignificant roles in REDD implementation, 
nor will they be able to share in the benefits from 
REDD.
11.4.4. Collaboration and Managing 
Conflicts for Positive Change
Forestry issues are increasingly cutting through and 
across many sectors, and many actors have an interest 
in forests and forested land. Cooperation and col-
laboration cannot work without trust, and conflicts 
relate to mistrust and different perceptions. What is 
needed is consensus-building and building of trust.
Sometimes, conflict management capacity can be 
improved through experience and learning. Conflict 
intervention can be seen as promoting a “learning 
culture” within which actors continuously improve 
their capacities and instrumental skills (Beitler 2005, 
Plowman 2005; see also Box 11.5). Social learning 
is also a process that in many cases can help to avoid 
conflict by leading to mutually acceptable solutions 
to emerging management problems. Collaborative 
identification of problems and solutions, attention 
to equity, systematic monitoring of the experiment, 
stronger links between all the parties involved, com-
munities and government and other stakeholders, all 
these skills and capacities represent components to-
wards more effective governance.
Despite the many negative associations, con-
flict is increasingly viewed as an agent for positive 
change. Conflict management, however, requires a 
deep understanding of the underlying causes, the 
actors involved and their values and perceptions, 
and the scope and escalation of conflict. Underly-
ing causes may well be different for different actors; 
rarely is it question of one issue only.
Conflict does not necessarily need to be avoided 
and suppressed at all cost. It may trigger new ideas 
that can improve or replace outdated patterns. It 
can also provide opportunities to discuss issues that 
would have been otherwise left unattended. The no-
tion of positive conflict has increasingly influenced 
conflict management intervention in recent decades 
(Ayling and Kelly 1997, Susskind et al. 2000, Engle 
and Korf 2005). Conflict may bring people together 
around common concerns, and spark enthusiasm for 
collaborative action. For an example, in studies on 
Adaptive Collaborative Management (ACM; Colfer 
2005), the existence of problems of the participants 
became clearer and the motivation to solve these 
problems strengthened under conditions of extreme 
conflict. Yet in litigant societies, further action may 
be blocked and result in a stalemate.
Box 11.4 Potential future areas of conflict
Yurdi Yasmi and Thomas Enters
◆ Land grabbing – Large amounts of land will 
be needed for bio-fuel and plantation (e.g., oil 
palm, rubber, soya bean, coffee). International 
investors will seek more land in Asia, Africa, 
and Latin America for large-scale land acquisi-
tions.
◆ Climate change mitigation and adaptation 
schemes – The implementation of these new 
schemes will likely be controversial for a num-
ber of reasons, e.g., unclear property rights, un-
clear benefit sharing mechanisms, and lack of 
acknowledgement of indigenous rights.
◆ Conflict over land allocation or re-distribution 
– In many countries, lands are being reallocated 
to local people for certain periods of time; some 
permanently, such as in Latin America. Most of 
the allocated lands are poor or degraded, making 
it hard for local people to benefit, increasing ten-
sions between local people and governments as 
well as among local people. Local elites and their 
families may dominate access to lands, creating 
local inequalities.
◆ Increased energy and food prices put more pres-
sure on forests – Major economies are in reces-
sion. Many people have lost their jobs in recent 
years. People are expected to go back to rural 
areas.
◆ Conflict over value – In the developed world, 
conflict often revolves around such values as 
how to define eco-tourism areas, where to locate 
landfills, how public consultation is conducted, 
aid policies, etc. Society in the North also often 
has different values for resource management 
(e.g., land and forests) than in the South; some 
impose such values for certain choices of forest 
management in the South.
218
11 FORESTRY IN CHANGING SOCIAL LANDSCAPES
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
11 FORESTRY IN CHANGING SOCIAL LANDSCAPES
While there are a plenty of challenges involved 
in conflict management, success stories continue to 
emerge (Thomas 1999, Pomeroy et al. 2001, Jamal 
and Eyre 2003). What is important to underscore is 
that conflict management should be devised based 
on the needs of conflicting parties, not on the needs 
of outsiders. Therefore, conflict management will 
likely be successful if it is rooted in local practices. 
Difficulties in conflict management arise with outside 
powers and their veto rights. Conflict management 
skills – institutionalised or not – sometimes already 
exist within society and only need to be fostered 
through actor empowerment processes (FAO 2000, 
Engel and Korf 2005, Marfo 2006).
11.5. Managing Forests in 
a Changing Social Landscape
By the next generation, both the ecological and social 
systems will co-evolve at a speed not experienced 
before in history. The challenge is to maintain the 
balance between these systems and simultaneously 
secure the ecological resilience and avoid social dis-
ruption and insecurity. Both systems are essential in 
building up human well-being.
The use, users, and accessibility of forests will 
be increasingly diversified. Timber supply will be 
diversified as well, with planted forests dominat-
ing, but also with increased supply from small-scale 
private and community suppliers. The market sys-
tem, including pricing and legislation, needs to be 
adjusted to these changes. The diversified forests 
and forest functions call for diverse management 
systems, as well.
Jakob Mainusch
In recent years, it is increasingly accepted that na-
ture cannot be conserved in isolation from society, 
rather, that it requires the support of local people 
(Walpole and Goodwin 2001). There has been 
increasing attention to quantifying the economic 
benefits that local communities get from forests. 
Salafsky and Wollenberg (2000) show that commu-
nities whose livelihood activities are directly linked 
to ecological services have the highest financial in-
centive to conserve forests.
Studies in Indonesia have investigated attitudes 
to conservation among people living in the vicinity 
of protected areas (PAs). Lee et al. (2009) found 
that local people’s positive attitudes to conservation 
were positively related to the degree to which they 
participated in the establishment and management 
of the PAs. Furthermore, it has become clear that 
attitudes are site- and group-specific: attitudes to 
conservation may differ strongly from one village 
to the next, and different groups within each com-
munity may also have starkly different attitudes 
(Lee et al. 2009). Walpole and Goodwin (2001) 
found that in communities around Komodo National 
Park, Indonesia, it was mostly the local elites and 
migrants who profited from and interacted with 
tourists visiting the park. Less endowed groups’ 
livelihoods were linked to the forest more directly, 
in such activities as collecting non timber forest 
products and construction materials. Conservation 
efforts that promote nature tourism may thus also 
prevent some groups from using the forest as they 
have traditionally done, and establishment of PAs 
often results in conflicts over land. Such land con-
flicts are, in turn, a major cause of negative attitudes 
toward conservation among some groups in local 
communities. It is crucial to identify the different in-
terest groups in local communities, especially those 
whose livelihoods depend on natural resources, as 
their dependency can take a different form and at-
titudes to conservation may vary accordingly.
Lowenhaupt Tsing (2004), drawing on exam-
ples from the Indonesian forests, uses friction to 
describe the interaction of local, national, regional, 
and global actors in Indonesia’s forests. A multi-
tude of individuals and groups convene in a single 
place, and all bring with them not only different 
attitudes and values, but also discrete understand-
ings of the meanings of words such as “conserva-
tion” and “nature” (see Rigg 2003 for a discussion 
of the importance of semantics in this context). It 
would be productive to understand conflict not as 
something that happens on local, national, or global 
scales, but rather as something that manifests itself 
locally as a result of the friction that exists between 
the values and attitudes of actors who operate on 
different scales. Only such a holistic understand-
ing will allow for the development of management 
systems that take the needs of local, national, and 
global stakeholders into consideration.
Box 11.5 Attitudes to forestry and conservation in Indonesia
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The vast majority of people on the globe will live 
in urban environment during the very next genera-
tion. The urban dwellers in the developing world 
alone will be well over half of the world’s people in 
2050 (UN 2008). Inequalities in access to services, 
housing, health care, and employment will have so-
cio-economic, environmental, and political repercus-
sions, including rising violence, underemployment, 
and ecological degradation. Social, economic, and 
environmental vulnerability is equally an urban and 
rural problem, with high probability of conflict and 
social unrest in urban areas. All efforts must con-
tinue to alleviate poverty in the rural areas, but at the 
same time social resilience must be maintained with 
the bursting numbers of urban youth. The share of 
young people will remain extremely high in urban 
centres, especially in the developing world, where 
the youth unemployment rates are, on average, more 
than double of that of adults (ILO 2008).
The consideration of urban needs requires urgent 
attention. Beyond decent jobs, income, and food, 
urban populations demand adequate and clean water, 
and affordable energy – with woodfuel continuing 
to dominate in many parts of the world. In addition, 
fighting pollution and noise, and providing amenity 
services both within the urban settlement and the 
urban fringe are needed. Today, urban forestry can 
be seen influencing forest management even beyond 
forest in urban landscapes (see Chapter 13 Extra-
sectoral drivers of forest change, section 13.2.3 Ur-
banisation).
With concentration of people and specialisation 
of activities, the spatial structures emphasise the 
complexity of the nested environmental, economic, 
and social realities. The urban-centred consumption 
and production activities are essential drivers in the 
long-term ecosystem changes. The urban values and 
perceptions on the environment and forests will in-
creasingly emphasise different benefits than those 
important for rural people. Ecological and social 
integrity must be managed in view of long-term vi-
ability of human well-being and equitable growth. 
Sustainable management of resources, well-operat-
ing markets, smooth production chains, and efficient 
and transparent structures and institutions are needed 
to make the urban demand and rural supply meet, 
and for equitable benefit sharing. This can be secured 
only with sectoral collaboration and more careful 
land use planning – and at a larger scale.
Positive views and perceptions of forests are 
needed for effective collaborative planning and for 
success in implementation. This is the task for all 
stakeholders and is, basically, good governance. 
Communication is crucial. Foresters and forest in-
stitutions must take an active role in building positive 
views and in opening realistic potential opportunities 
for societies, both urban and rural, to answer their 
needs and expectations. Social acceptance of forestry 
can be regained where lost with past performance 
in forestry activities, be it debatable logging, poor 
management of monocultures, closed factories, or 
unequal sharing of benefits.
New messages are needed also with the expan-
sion of intensive plantations. With intensive planta-
tions, much of today’s positive perceptions of nature, 
ecological diversity, and some of the social functions 
and myths of forests, may be lost. “Natural” may 
lose some of its palatability for people, by necessity. 
Positive views of forests and forestry often demand 
perceived short-term concrete benefits. In the face of 
global scale challenges, like climate change, build-
ing awareness and positive views of forestry is more 
difficult because the impacts may not be personally 
experienced, or at least not recognisably so. As to 
forests, a further challenge is to justify actions be-
tween the urgent needs of the current day and those 
of the the future.
The ongoing societal changes – and changing 
views of the environment and forests – involve 
changes in power and decision-making. Diverse 
interests will continue to contribute to institutional 
conflicts over forest use, and more and more over 
land use in general. Efficient institutional structures 
are urgently needed for guiding resource manage-
ment. These new structures must be flexible and 
socially innovative because many of the ecosystem 
services are difficult for private agencies to own or 
trade – and difficult for public agencies to manage 
or regulate.
The challenge is to bring forests into the scene 
of the changing social landscape in an ever wider 
scale of activities and global policies. Simply provid-
ing more detailed and accurate information, while 
important, is not sufficient to highlight the opportu-
nities. Neither will just more information generate 
appropriate public concern for some risks or to allay 
public fears about others. There is a fundamental 
and broadly based human cultural inability to fully 
comprehend or act on certain risks associated with 
environmental variability and change, even when in-
formation on these risks is widely available. Human 
information processing works through two parallel 
and interacting modes of information processing: 
a rational system and an emotionally driven expe-
riential system. This applies to individuals as well 
to societies.
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Abstract: The importance of forests for human health and well-being is well docu-
mented in the literature. Forests provide a wide range of ecosystem services beneficial 
for human life both in urbanised and rural areas, from temperature regulation and air 
filtration to provision of food and medicinal plants. It is also well documented that 
forests are important arenas for recreation, aesthetic appreciation and stress relief for 
people, all of which are of high importance to the health of an increasingly urbanised 
population. Many of these positive effects that forests have on human health and well-
being may be altered as a result of climate change and subsequent changes in forest 
structure and forest cover. The chapter shows that there is reason for concern about 
the possible changes in human health effects that may come with climate change. In 
tropical areas, many forest living people who rely heavily on forests in their household 
economies will be highly vulnerable to forest degradation. Increase in pressure on ur-
ban forests and their capacity to provide ecosystem services, reduced availability and 
quality of recreational areas and higher risk of exposure to vector borne-diseases are 
some of the effects discussed in this chapter.
Keywords: climate change, health, urban forests, forest structure, public preferences, 
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■
GLOBAL SOCIO-ECONOMIC CHANGES
12.1 Introduction
Health is a top concern for governments and policy-
makers. People rate health second only to financial 
worries when they are asked which problems fac-
ing their families they find most important (World 
Health Organization 2008). Commonly, many of 
us think of health as the absence of disease. In this 
chapter, however, we use the World Health Organi-
sation’s (WHO) broader definition of health, which 
embraces aspects of well-being. WHO defines health 
as, “a state of complete physical, mental, and social 
well-being and not merely the absence of disease or 
infirmity”. This definition is well-suited for a dis-
cussion on forests and human health in relation to 
global climate change. The topic is very broad and 
complex. It includes both negative and positive ef-
fects that forests, and changes in forests, can have on 
human health and well-being. Similarly, the topic of 
forests and human health involves issues related both 
to disease and to aspects of forests that can promote 
health and well-being.
According to the WHO, the distribution of death 
and disease has shifted from infectious to chronic and 
non-communicable diseases – including depression, 
diabetes, cardiovascular disease, and cancer. The in-
creased importance of these diseases as causes of 
morbidity and mortality can likely be explained by 
urbanisation, aging, and globalised lifestyle changes, 
such as reduced physical activity. Behavioural, so-
cial, and mental health problems, such as depres-
sion, are not limited to western societies, they are 
seen as problems in all parts of the world (Desjarlais 
1995).
There are many factors reflecting on the interac-
tion between forests and human health and well-
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being; it is not possible to address all of them in 
depth within the scope of a single chapter. Instead, 
we have chosen to focus on urban forests and the 
possible impacts that climate change and subsequent 
changes in urban forests may have on human health 
and well-being. With an ever-increasing part of the 
world’s population living in urban areas, we believe 
this is an important topic to highlight. To illustrate 
the complexity of the broader topic, other key issues 
concerning forests and human health and well-being 
are highlighted in standalone boxes, which also give 
references to further reading. These boxes outline the 
effects of climate change on vector-borne diseases 
(Box 12.1), forests and human health in tropical 
areas (Box 12.2), and forests as a source of health-
promoting and bioactive compounds (Box 12.3).
Different climate change scenarios have been 
forecast, and their effects on forest structure are be-
ing discussed and analysed both in the short and 
long terms. The overall effects of climate change 
on forests have been analysed in detail in Chapter 2. 
The focus of this chapter is to highlight some of the 
effects that projected changes in forests may have 
on human health and well-being, such as changes 
in the visual qualities of forests, changes in access 
to forests, changes in the flora and fauna of forests, 
and changes in the ecosystem services that forests 
can provide (Figure 12.1).
12.2 Positive and Negative 
Health Effects of Forests
There is increasing focus in western urbanised societ-
ies on the positive psychophysiological effects on hu-
man health and well-being that result from exposure 
to nature. Forests, and other green areas, are known 
to be a source for recreation that counterbalances a 
stressful and sedentary lifestyle. We know through 
a large body of landscape preference studies that 
natural environments are visually preferred environ-
ments, especially when compared to common built 
environments. This has been demonstrated in many 
studies covering different kinds of natural environ-
ments and with respondents from different cultural 
backgrounds (Lamb and Purcell 1990, Purcell and 
Lamb 1998, Asakawa et al. 2004, Ode et al. 2009).
Visually attractive and preferred environments 
seem to promote good mental health because peo-
ple are better able to face uncertainty and confusion 
when they are in pleasant environments (Kaplan and 
Kaplan 1989). This strong preference for natural en-
vironments is a basis for the expectation that those 
would also be environments that confer positive ef-
fects on human health and well-being. A substantial 
body of empirical research shows that viewing nature 
induces positive impacts on physiological and cog-
nitive functions, including reducing physiological 
stress (Ulrich 1993) and restoring the ability to focus 
attention (Kaplan 1995). The main theoretical back-
ground for this research rests on the assumption that 
throughout evolution, humans have adapted to react 
positively to particular structural and spatial arrange-
ments and to broad classes of environmental content, 
such as vegetation. However, as Velarde et al. (2007) 
found in their review of landscape types in environ-
mental psychology, the categories of nature com-
pared in the studies on restorative effects have been 
coarse and did not address specific elements of nature 
to any particular extent. On the other hand, exten-
sive research on landscape preferences has explored 
aesthetic appreciation of specific landscape elements 
and landscape types. Several empirical studies show 
that there is a relationship between preferences and 
restorativeness, i.e. evaluations of the likelihood of 
Figure 12.1 Health effects of climate change through consequences of changed forest struc-
ture (developed by Maria Dolores Velarde and Mari Sundli Tveit).
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an environment to provide restoration (Purcell et 
al. 2001, Staats et al. 2003, Tenngart Ivarsson and 
Hogerhall 2008), which support the hypothesis that 
preference involves implicit expectations for restora-
tion. The assumed relationship between landscape 
preferences and health is shown in Figure 12.1.
Forests are not only a source of restoration and 
positive effects on human health and well-being. 
There is also extensive research on some negative 
health effects of exposure to forests, often related to 
direct injuries and encounters with organisms living 
in the forests. Among these are higher frequency of 
encounters with diseases and parasites that forests 
may harbour, including vector-borne diseases (see 
Box 12.1), such as malaria and dengue fever (Hitz 
and Smith 2004). Also, macro-social effects can oc-
cur, such as increased vulnerability of forest-depen-
dent communities suffering from insecure outcomes 
of forestry in the face of global climate change (Da-
vidson et al. 2003). People living in tropical forests 
are typical examples of communities facing both 
increased disease load and outside pressure on their 
social and cultural systems (see Box 12.2).
Mari Sundli Tveit
Many zoonoses and pathogen groups have their res-
ervoirs in forests and forest animals. Vector-borne 
diseases are related to insects, invertebrates, and ec-
to-parasites carried by mammals and birds (De Ca-
sas and Carcavallo 1995), all of which can be found 
in forested areas. The predicted rising temperatures 
related to climate change can alter the distribution of 
vector-borne diseases, extending the geographical 
areas affected by such diseases (Zell 2004). Cur-
rent occurrence of vector-borne diseases extends 
from tropical and sub-tropical areas into temperate 
zones (Martens et al. 1995). With increases in glob-
al temperatures, tropical insects and other vectors 
may expand their habitats into more northern and 
southern latitudes and to higher elevations, bring-
ing pathogens to extended areas. The incidences of 
mosquito-borne, rodent-borne, and tick-borne dis-
eases are known to be affected by weather changes, 
and are likely to increase in frequency with increas-
ing temperature (Zell 2004). In a review of climate 
change and infectious diseases in Europe, Semenza 
and Menne (2009) found it clear that climate is 
an important geographical determinant of vectors. 
Ticks are other common forest-dwelling vectors, 
and as temperature affects the tick’s developmen-
tal cycle, climate change is likely to already have 
affected the tick distribution in Europe (Semenza 
and Menne 2009). Ticks transmit tick-borne en-
cephalitis (TBE), and an increase in the incidence of 
TBE has been reported as far north as Sweden and 
Norway (Lindgren 1998, Lindgren and Gustafson 
2001, Semenza and Menne 2009). Milder, shorter 
winters and warmer, drier summers affect tick dis-
tribution and the duration of their activity season. 
Such climate changes may cause increased risk of 
Box 12. 1 Climate change and vector-borne diseases
TBE infection, Lyme borreliosis, and Crimean-
Congo haemorrhagic fever. Vectors carrying West 
Nile fever and dengue fever are also favoured by 
climate change, and are expected to extend their 
distribution into Europe, raising the possibility of 
West Nile fever and dengue transmission in new 
areas. Also, the vectors of other mosquito-borne 
diseases, such as Chikungunya fever and malaria, 
can find more favourable habitat conditions due to 
climate change in Europe. A disease such as Leish-
maniasis, a protozoan parasitic infection caused by 
Leishmania infantum, is transmitted to humans by 
sandflies. The sandfly is affected by temperature, 
and climate change may cause dispersion north-
wards. Other examples of vector-borne diseases 
likely to be sensitive to climate change are Cha-
gas disease, where the vector is Triatomines, and 
Schistosomiasis, where snails are the intermediate 
host (Haines et al. 2006). Rodent populations are 
affected by climate conditions, and a number of 
rodent-borne diseases are likely to increase as a 
consequence of climate change. Rodents carry a 
number of human diseases, acting both as inter-
mediate infected hosts and as hosts for arthropod 
vectors, such as fleas and ticks. Zoonoses, such as 
plague, and virus infections, such as hantaviruses, 
are both carried by rodent vectors and can increase 
in frequency in various parts of the world (Semenza 
and Menne 2009).
Climate change is one factor affecting vector 
distribution (Molyneux 2003). Local effects must 
be considered. There is not necessarily a linear 
relationship between climatic indices and vector 
suitability (Jonsson and Reid 2000). However, 
climate is seen to be the dominant factor limiting 
species distribution (Sutherst et al. 1998).
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12.3 Health Effects of Nature – 
Earlier Reviews
The idea and common knowledge of nature as 
positive to health and well-being has ancient roots 
(Cooper-Marcus and Barnes 1999). The renewed and 
increased interest in nature as a cure for some of the 
health challenges of modern urbanised populations 
(such as stress, depression, obesity) has highlighted 
the need to review the empirical evidence for con-
nections between nature and human health and well-
being. Several such reviews have recently been made 
(Health Council of the Netherlands 2004, Velarde et 
al. 2007), and there are emerging recommendations 
for research agendas (Bell et al. 2007, Bell et al. 
2008, James et al. 2009). The reviews point to gaps 
in the knowledge concerning the physical attributes 
and types of green space (Velarde et al. 2007, James 
et al. 2009); the benefits to key target groups like 
children, disabled and elderly people; and barriers to 
the use of green spaces, such as fear of crime (Bell 
et al. 2007). Some reviews go so far as to state that 
in research on green space, a focus on health and 
Caroline M. Hägerhäll and Carol J. Pierce Colfer
Tropical forest dwellers often suffer from many 
physical illnesses. Their psychological health is 
also affected by outside pressures on their social 
and cultural systems. At the same time the health 
needs of these peoples, who are among the world’s 
poorest, are often ignored and under-reported. The 
number of forest-dwelling peoples is small. This 
affects their access to health services in countries 
where formal health services are already scarce. The 
complexity of the issues involved and the fact that 
evidence and information span so many different 
disciplines has also made it difficult for researchers 
to give clear answers about the direct causal links 
between forests and human health – a fact that, in 
turn, can cause policy-makers to be reluctant to take 
action. Leading scientists on the topic are calling for 
more systematic comparative, interdisciplinary, and 
longitudinal research to clarify those links.
Six key topics linking forests and human health 
have been identified: 1) forests as providers of food, 
2) forests as providers of medicinal products, 3) for-
ests as sources of diseases and other health problems, 
4) cultural beliefs and practices related to human 
health, 5) environment-health links and, 6) gover-
nance and institutions. Forests provide important nu-
trients to many populations. The food-provisioning 
function of forests in the maintenance of the health 
of forest peoples, which is particularly important 
for vulnerable groups, is often under-recognised. 
Food from the forest also functions as a safety net 
(seasonality, famine, war), and forest products can 
contribute significantly to the household economy. 
However, forest degradation, habitat shrinkage, and 
over-exploitation are threatening this food resource, 
as well as the medicines that the forest provides. In 
addition to the related reduction in wild, medicinal 
species, adulteration and substitution have been 
found to reduce quality, safety, and effectiveness. 
At the same time, rapid urbanisation in developing 
countries, combined with cultural preferences for 
traditional medicine, can increase the demand for 
medical products from the forest. Herbal medicines, 
and combining Western with traditional indigenous 
medical methods, are becoming increasingly popu-
lar in developed countries; this adds to the harvest-
ing and species extraction pressures on forests. 
Apart from health problems that are food-nutrient 
related, forest people are heavily affected by many 
serious and preventable diseases, such as malaria, 
tuberculosis, and yellow fever. Many of these are 
vector-borne and, as environmental changes alter 
the behaviour of the vectors, humans may come in 
more frequent contact with the vectors, resulting in 
a higher incidence of these kinds of diseases. The 
connection between land cover change and disease 
varies, and local conditions are important. However, 
it appears that, in many cases, deforestation can be 
linked to an increased disease load on people. A 
health problem that is rarely clearly connected to 
forests is air pollution. The pollution results both 
from indoor cooking fires and from forest fires; both 
also affect communities living outside the forest.
It is generally agreed that human health is linked 
to the ways in which forests are managed. The main-
tenance of the forest can also be seen as dependent 
on the health of forest peoples, insofar as healthy 
people have more energy to manage the forests that 
surround them. This also highlights the connection 
between people’s health and sustainability, both cul-
tural and ecological. Much work, however, remains 
to be done to uncover the exact mechanisms, spe-
cific links, and causal relationships between human 
health and forests in tropical areas.
For a comprehensive review, discussion, and 
recommendations on the topic, see Colfer et al. 
2006 and Colfer 2008.
Box 12.2 Forest and human health in tropical areas
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Forests are a diverse habitat and a rich source of 
plant-derived medicines and bioactive compounds 
that contribute to health (e.g., Kris-Etherton et al. 
2002, Moutsatsou 2007). As many as 50% of pre-
scription medicines are derived from molecules 
occurring naturally in plants. The search for new 
pharmaceuticals from nature has increased during 
the last few decades. There have been more than 
100 000 plant secondary metabolites isolated so far, 
although until now, less than a third of the known 
plant species have been phytochemically examined 
(Wink 2008). Trees, other plant species, and berries, 
are well-known sources of forest-derived, bioac-
tive dietary supplements. Several health-promoting 
ingredients – such as xylitol to inhibit tooth decay 
(Uhari et al. 1996), and sitosterol and sitostanol to 
lower blood cholesterol (Miettinen et al.1995) – 
used in so-called functional food, are produced in 
large amounts these days.
The most studied phytochemicals in plant re-
search are phenolic compounds. For example, 
lignins, lignans, and flavonoids have been exten-
sively investigated in order to characterise their anti-
oxidant activities against cancer, and cardiovascular 
and neurodegenerative diseases (Willför et al. 2003, 
Webb and McCullough 2005, Boudet 2007).
Numerous fungus species with anti-microbial 
and anti-cancer properties have been recognised, es-
pecially in Asian countries. Also, in Europe, several 
commonly used fungus species have been reported 
to have anti-tumour or immunostimulating activity 
(Wasser 2002). However, the most recent estimates 
suggest that at present we only know a small fraction 
of the total number of fungus species. Therefore, 
they may very well constitute an infinite pool of 
secondary metabolites.
All plants in natural ecosystems appear to be 
symbiotic with fungal endophytes. Those micro-
organisms that reside in the tissues of living plants 
are relatively unstudied. The diversity of metabolites 
that have been isolated from endophytic fungi show 
a wide spectrum of anti-mycotics, immunosuppres-
sants, and anti-microbial and anti-cancer activities 
(Tan and Zou 2001). Many natural product medi-
cines are actually produced by microbes and/or by 
host plants that live in interaction with endophytic 
microbes (Newman and Cragg 2007).
Major problems with sustainable use of forests 
as a source of bioactive compounds are both dimin-
ishing rainforests and climate change, which may 
threaten medicinal plant species or their habitats 
(Karjalainen et al. 2010). In future, modern tissue 
culture and bioreactor techniques for the production 
of bioactive compounds in plant tissues and micro-
organisms should be further developed and used to 
avoid the overharvesting of rare species.
Box 12.3 Forests as a source of health-promoting and bioactive compounds
well-being is the least developed and is surprisingly 
weak (Bell et al. 2007). It is not a bold conclusion to 
say that little is known about what types of outdoor 
environments are linked with which types of health 
benefits. Similarly, the mechanisms and causal rela-
tionships are not clear and little is known about why 
health benefits are different for different groups of 
people, and how we should design and manage out-
door spaces to accommodate the needs of different 
groups of people. This is a knowledge gap that has 
to be bridged if the research is to have substantial 
impact on the practical design and management of 
everyday environments. A review of the evidence 
provided in earlier literature shows that research so 
far has directed attention towards psychological and 
psychophysiological effects of exposure to nature, 
connections between health and distance and acces-
sibility of green space, the role of green space to 
promote physical activity, and nature as a positive 
factor in pedagogic and therapeutic settings.
If the evidence concerning health effects of nature 
is sparse, there is contrarily quite a lot of research on 
preferences and experiences of natural landscapes 
and forests. Some of the forest changes projected to 
occur due to climate change will greatly impact on 
the visual appearance of forests and the way they 
are perceived. Based on the assumption that a link 
between preferences and restorativeness exists, we 
find it appropriate in this chapter to also consider 
studies on visual preferences as part of the basis for 
suggesting a link between nature and forest experi-
ences and human health and well-being. Changes 
in forest structure will impact the visual qualities 
of forests; this, in turn, will affect the health effects 
that forests can provide. Changes in forest structure 
may alter the potential psychophysiological effects 
and the accessibility of forests, as well as change 
the negative health effects, such as exposure to for-
est-related risks. We will return to projected forest 
changes and the impacts on visual experiences later 
in this chapter.
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12.4 Urban Forests and 
Human Health
The evidence on the importance of forests for 
human health and well-being, and particularly the 
evidence concerning urban greenery, is growing. It 
is expected that within 30 years, two-thirds of the 
world’s population will be living in urban areas, and 
most of this growth will happen in regions and coun-
tries with few economic resources (Desjarlais 1995, 
Vlahov and Galea 2002). At the same time, the trend 
in urban planning is densification, which threatens 
the quality and quantity of green spaces in cities. 
Hence, it is not surprising that there is currently a 
focus on urban green spaces and urban forests in the 
empirical research on nature and human health and 
well-being. Urban areas are in focus also in rela-
tion to sustainability issues, and recent reviews have 
pointed to both the possibilities and the need to link 
human and ecosystem health to achieve sustainable 
cities (Tzoulas et al. 2007, James et al. 2009). How-
ever, questions arise concerning how urban greenery, 
including street trees and parks, will respond to cli-
mate change (James et al. 2009).
The urbanisation process has increased pressure 
on forests and green spaces both within cities and 
in the surrounding countryside due to the increasing 
number of people living in proximity to urban for-
ests and using them for recreational purposes. Urban 
forests are simultaneously facing high development 
pressures from cities’ needs for more infrastructure, 
housing, and commercial uses (e.g. Amati and Yo-
kohari 2006).
Both physical activity and exposure to nature are 
known separately to have positive effects on people’s 
health. Research has found that natural environments, 
such as urban forests, seem to promote and stimulate 
physical activity (Bell et al. 2008). Physical activity 
is key to fighting many of the contemporary health 
problems facing modern society, such as obesity, 
type 2 diabetes, and coronary/vascular diseases.
Research is also suggesting that besides improve-
ments in physical health, exercise in green environ-
ments also affects our mental health. Studies have 
found that exercises performed in a green environ-
ment could lead to a significant improvement in self-
esteem and mood disturbance (with anger-hostility, 
confusion-bewilderment, depression-dejection, and 
tension-anxiety all improving post-activity) (Pretty 
et al. 2005, Pretty et al. 2007).
Distance (or proximity) has been shown to be one 
of the most influential factors determining the number 
of visits to urban forests. Areas close to where we 
live are visited more often (Coles and Bussey 2000, 
Hörnsten and Fredman 2000, Grahn and Stigsdotter 
2003, Neuvonen et al. 2007). Studies have further 
shown that this relationship is not linear, which em-
phasises the importance of green spaces in the im-
mediate vicinity (within 250 m) of residential areas. 
This is especially true for groups in society that are 
less mobile, such as children and elderly people. Re-
search supports that the distance to green space influ-
ences our health and well-being. A shorter distance to 
green space is connected to better self-reported and 
self-perceived health (de Vries et al. 2003, Maas et 
al. 2006). This seems to be true for both urban and 
rural people. Both urban and rural respondents with 
green environments within 1–3 km had better self-
perceived health (Maas et al. 2006). Positive effects 
on actual measures of health have also been reported, 
such as lower mortality of elderly people living in the 
vicinity of green space (Takano et al. 2002).
Closely connected to the concept of distance is 
accessibility, or how easy it is to get to an urban forest 
and its different parts. Accessibility can also be used 
to describe to what degree we are allowed to visit 
the area (e.g., legal accessibility) and to what degree 
different user groups face barriers and hindrances 
(e.g., wheelchair access). Without access to natu-
ral environments, people cannot benefit fully from 
the health-enhancing functions these provide. Both 
distance and accessibility are important concepts for 
linking urban forests with human health and well-
being (Bell et al. 2008).
How much green space is available also seems 
to affect health benefits gained from urban forests. 
Studies in descriptive epidemiological research have 
shown that there is a positive relationship between 
the amount of green space available in people’s ev-
eryday environment and people’s physical and men-
tal health (Groenewegen et al. 2006). Studies into 
the use of urban forests have shown that the use of 
these areas is diverse and multifunctional (Tyrväinen 
et al. 2007). The green spaces in the urban and peri-
urban landscape, therefore, need to be able to meet 
the needs of different types of recreational users and 
uses. The availability of a larger amount of green 
space close to residential areas would often mean a 
wider spectrum of forest types available, and hence a 
larger variation of daily recreational opportunities.
With global climate change and increasing ur-
banisation, it is expected that there will be subse-
quent development pressures on green spaces and 
urban forests. An important challenge to be met by 
urban foresters, city planners, and politicians is to 
provide urban forests that will serve all sectors of the 
population. There is a need to develop policies and 
practices to safeguard this resource. These should 
include the maintenance of a sufficient amount of 
urban forests and green spaces within easy reach of 
people’s everyday environment. To meet the require-
ments of different users and user groups, the forest 
resource should optimally also include a range of 
different characteristics, such as varied tree species 
composition (open deciduous forest to coniferous 
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wintergreen forest), different degree of management 
(ranging from more undisturbed areas to highly man-
aged areas with facilities), and variation in path sur-
faces (access for disabled users as well as more chal-
lenging paths). In order to meet these requirements, 
we need to develop appropriate decision support 
tools that would allow for analysing the contribu-
tion of urban forests to human health issues, taking 
into account distance, accessibility, and the amount 
and type of forest resources available. Some of the 
developed approaches include the development of 
appropriate monitoring systems. This would enable 
analysis of the deficiency of urban forest resources 
(as shown by van Herzele and Wiedemann (2003) for 
the Flemish region of Belgium). Monitoring could 
also provide an effective tool for detecting on-going 
processes of change and providing the means of re-
acting to these changes. Other approaches involve 
identification of areas with high pressure on existing 
green space, as measured through visitor numbers. 
Ode and Fry (2006) suggest an approach that relies 
on easily obtained spatial data for their prototype 
model applied to southern Sweden. Developing 
models that could be based on remote sensing data 
could provide a powerful guidance tool for strate-
gic regional planning and management levels. For 
strategic planning, it is also necessary to identify 
the best locations where new urban forests would 
be most suitable. Van Elegem et al. (2002) suggest a 
multi-criteria based approach for identifying suitable 
locations for new urban forests, mainly focusing on 
recreational and ecological aspects. This approach 
could provide a potentially valuable tool for identi-
fying the best locations, on a strategic level, related 
to health issues.
12.5 Urban Forests as a Provid-
er of Ecosystem Services
In addition to their importance to the health and well-
being of urban citizens, urban forests are also provid-
ers of a range of ecosystem services that have a vari-
ety of impacts on human health. Ecosystem services 
can be broadly defined as environmental processes 
that support human health and well-being, either di-
rectly or indirectly (Millennium Ecosystem Assess-
ment 2005, Boyd and Banzhaf 2007, Elmqvist et al. 
2008). Urban trees and green spaces have important 
ecological and biological functions, including reduc-
ing soil erosion, conserving water, and promoting 
ecosystem diversity. Urban ecosystems provide air 
filtration, microclimate regulation, noise reduction, 
mitigating the urban heat island effect, rainwater 
drainage, flood control, and sewage treatment (Bol-
und and Hunhammar 1999, Elmqvist et al. 2008). All 
these services provided by urban greenery have direct 
or indirect importance to human health and well-
being. Direct positive health effects are gained from 
Photo 12.1 An important challenge is to safeguard a sufficient amount of urban forests and green spaces 
within easy reach of people’s everyday environment (Panama City, Panama).
Br
un
o 
Lo
ca
te
lli
230
12 FORESTS, HumAN HEALTH AND WELL-BEING IN LIGHT OF 
CLImATE CHANGE AND uRBANISATION
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
12 FORESTS, HumAN HEALTH AND WELL-BEING IN LIGHT OF 
CLImATE CHANGE AND uRBANISATION
reduced air pollution and lower noise levels, while 
other functions have indirect effects through their 
importance for the functioning of the urban system 
and infrastructure. Noise levels cause problems for 
human health in areas with heavy traffic. Soft ground 
vegetation and trees can mitigate noise problems as 
well as shield from the visual disturbance of traffic 
(Bolund and Hunhammar 1999).
Air pollution is a major public health problem in 
cities; vegetation can significantly reduce air pollu-
tion through filtering gases and particles from the air. 
Different plant species have different filtering capaci-
ties, which increase with leaf area. Coniferous trees 
have the highest filtering capacity due to the larger 
total surface area and because needles are not shed 
during winter, when air pollution is usually worse, 
due to home heating and increased use of private 
transportation. However, as coniferous trees are more 
sensitive to air pollution, a mixture of coniferous 
and deciduous trees is the most beneficial species 
assembly (Bolund and Hunhammar 1999).
The phenomenon called “the urban heat island 
effect,” caused by large areas of heat-absorbing sur-
faces in combination with high energy use in cities, 
can be significantly reduced by having natural eco-
systems in cities, including urban forests and water 
areas (e.g., streams, ponds, small lakes, fountains). 
Heat is absorbed by the plants’ evapotranspiration 
process, and the shadow and shelter from wind pro-
vided by trees alter the energy consumption levels 
necessary for heating and cooling (Bolund and Hun-
hammar 1999). Urban greenery can lower a city’s av-
erage surface temperature; parks are several degrees 
cooler than the surrounding neighbourhoods (Gill et 
al. 2007). This is an important factor to consider with 
the increased risk of urban heat waves that will most 
likely occur in the wake of climate change (Frumkin 
and McMichael 2008); a climate change that the city 
trees themselves can help to fight by capturing and 
storing carbon dioxide. Vegetated areas also con-
tribute to preventing or solving problems related to 
rainwater drainage by allowing water to seep through 
the surface, as well as absorbing water through the 
process of evapotranspiration, thus reducing the like-
lihood of problems with a high rate and amount of 
surface run-off.
Despite its highly fragmented nature, urban 
greenery – including street trees, lawns and parks, 
urban forests, cultivated lands, lakes and streams – 
provides habitats for a rich and diverse variety of 
plants and animals. Enhancement of biodiversity in 
urban ecosystems can have a positive impact on the 
quality of life and education of urban dwellers, and 
can facilitate the preservation of biodiversity in natu-
ral ecosystems (Savard et al. 2000). Urban dwellers 
appreciate many bird species; various studies have 
investigated the people-bird interaction and how to 
enhance bird abundance and diversity in cities (Sa-
vard et al. 2000). Urban green structures function 
both as wildlife corridors and as habitats (Angold 
et al. 2006). Urban habitat patches often suffer from 
isolation, although a recent emphasis in planning has 
been put on enhancing connectedness and connectiv-
ity in urban green structures (Ahern 1995, Linehan et 
al. 1995). Urban forest fragments can have specific 
qualities of high ecological importance. In a study 
of red-listed bird species, Mortberg and Wallentinus 
(2000) found that urban and suburban forests had 
a vast range of deciduous forest, especially broad-
leaved, and a lower intensity of forest management 
than in rural areas, which resulted in a sufficient 
number of mature and decaying trees meeting the 
breeding requirements of birds. High biodiversity 
in urban forests can also be important in providing 
food for local people. In many societies, forests are 
actively used for gathering food, such as fruits and 
nuts (Vinceti et al. 2008).
According to Mooney et al. (2009), the capac-
ity of ecosystems to provide services essential to 
society and human health and well-being is already 
under stress, and the situation will worsen under most 
projected climate change scenarios. As locally gener-
ated ecosystem services can have substantial effects 
on human health and quality of life in urban areas, 
studies conclude that this should be addressed in 
land-use planning (Bolund and Hunhammar 1999), 
a conclusion that can only be strengthened with the 
challenges of climate change.
12.6 Changes in Forest 
Structure and Effects on 
Forest Landscape Preferences 
and Human Health
Changes in forest structure affect the visual qualities 
of forests and, assuming that there is a relationship 
between landscape preferences and health, this in 
turn may influence the health effects that forests can 
provide. Chapter 2 of this book indicates that the 
following components of forests are sensitive to cli-
mate change: tree level processes (e.g., productivity), 
species distribution, site conditions (e.g., soils and 
moisture/temperature regimes), stand structure (e.g., 
density, height), and disturbance regimes (e.g., fires, 
pests, and diseases). Some of these projected forest 
changes are highly visual and will affect the way 
forests are perceived, and consequently the health 
effects related to those perceptions. This can impact 
both the psycho-physiological health of people, and 
the way that forests promote physical activity. It is, 
however, important to note that uses of, preferences 
for, and attitudes towards forests differ between cul-
tures and regions of the world, and, although changes 
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will be perceived, they may not affect all people in 
the same way.
The climate change-related projections regard-
ing forest species distribution include changes in 
plant assemblages and changes in habitats for dif-
ferent species (von Oheimb et al. 2005, Wesche et 
al. 2006, Iverson et al. 2008, van Zonneveld et al. 
2009). These projected changes are likely to affect 
the visual characteristics of forests in ways that 
alter the landscape, and therefore affect people’s 
perceptions, either positively or negatively. Several 
authors have found preferences for certain species 
and species compositions (Kellomäki and Savolainen 
1984, Tyrväinen et al. 2003, Gundersen and Frivold 
2008). In their review of forestry-related preferences 
in three Nordic countries, Gundersen and Frivold 
(2008), found species composition to be an important 
factor shaping preferences. The species that will be 
favoured under future climate conditions will differ 
between regions. Depending on the species, changes 
in people’s perception of the forest can be positive 
or negative. Thus, the changes in psychological and 
psychophysical effects of forests can also be positive 
or negative in relation to perception.
Climate change can also bring about changes in 
the stand structure in forested areas; e.g., age class 
distribution, forest density, and openness of land-
scapes. Changes in perceived openness are known 
to affect people’s landscape preferences (Gundersen 
and Frivold 2008, Tveit 2009). Openness is strongly 
related to some of the main theories regarding the re-
storativeness of natural settings, such as Kaplan and 
Kaplan’s Information Processing theory (Kaplan and 
Kaplan 1989). Appleton (1975) put strong emphasis 
on the openness of landscapes in his prospect-ref-
uge theory, emphasising the human evolution-based 
need for landscapes that provide possibility for both 
overview and hideouts. A climate change leading to 
denser forests with less perceived openness could 
have a negative effect on forest landscape preferences 
and subsequently on human health and well-being.
Visual landscape preferences are prone to distur-
bances, to which people generally react in a nega-
tive way (Tveit 2006). There is not enough data to 
predict how the frequency or severity of different 
disturbances will be affected by climate change. Lo-
cal, regional, and global changes in temperature and 
precipitation can influence occurrence, timing, fre-
quency, duration, extent, and intensity of disturbanc-
es, and each disturbance affects forests differently. 
Changes in wind speed and shifts in wind directions 
can lead to increased probability of wind damage on 
forests (Blennow and Olofsson 2008). Droughts and 
hurricanes, heavy rainfalls, and landslides can lead 
to increased tree mortality and loss of forest cover 
(Dale et al. 2001, McNulty and Aber 2001, Davidson 
et al. 2003, Maracchi et al. 2005, Hoeppner et al. 
2008). Climate change could also lead to an earlier 
start of the fire season and significant increases in the 
areas experiencing high to extreme fire danger (Flan-
nigan et al. 2000, McNulty and Aber 2001). Many 
of these disturbances are likely to affect people’s 
perception of forests in a negative way, not only in 
terms of the visual effect, but also in terms of safety 
and accessibility.
Large scale disturbances can drastically alter 
large areas of forest. These changes not only cause 
visual disturbances, which have negative effects on 
people’s perception, they also affect the accessibil-
ity of forest areas and available trails and footpaths. 
Popular hiking areas can be severely affected by 
forest fires and windfall, restricting access to ar-
eas used for physical activity. Early successional 
stages after such occurrences can also be dense and 
of lower value for recreation, such as the dense re-
growth of scrub and deciduous trees that are often 
found in clear-cut areas. Evidence of severe attacks 
of forest pests and diseases, such as bark beetles, 
can also make forests less attractive as recreation 
areas. Climate change may also lead to an increase 
or decrease in the size of forested areas and alter the 
visual characteristics of forests, such as higher tree 
lines in mountainous areas, increased forest density 
(as a result of the warmer climate), forest dieback, 
or even loss of forest cover (Tømmervik et al. 2009). 
Distance to and accessibility of the natural environ-
ment have been shown to be important for its ability 
to promote human health. Without access to natural 
environments, people cannot benefit from the health-
enhancing functions these provide.
Sheppard and Picard (2006) reviewed the visual 
quality impacts of forest pest activity and found vi-
sual quality ratings in the middle ground landscape 
to generally decrease significantly as pest damage 
increased. In some studies, quite low thresholds 
were identified (in terms of the area of the visible 
landscape affected by pest activity), below which 
perceived visual quality drops significantly with in-
creasing visible pest damage (Sheppard and Picard 
2006).
12.7 Conclusions and 
Recommendations
The importance of forests for human health and well-
being is well documented in the literature. Forests 
provide a wide range of ecosystem services benefi-
cial to human life both in urbanised and rural areas, 
from temperature regulation and air filtration to the 
provision of food. It is also well documented that 
forests are important arenas for recreation, aesthetic 
appreciation, and stress relief, all of which are of high 
importance to the health of an increasingly urbanised 
population. As the above discussion shows, there is 
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reason for concern about the possible changes in 
human health effects that may come with climate 
change. Although the review has revealed some po-
tentially positive health effects of changes in forest 
structure, e.g., more attractive species compositions, 
the majority of predictions imply negative effects on 
the health effects that forests can provide.
Reduced forest cover as a result of climate change 
combined with population growth will decrease the 
relative availability of forest areas for people. At the 
same time, the global urbanisation process will in-
crease the demand for urban forests and green spaces, 
and put increased pressure on those same areas. A 
warmer climate also alters the ecological conditions 
for urban greenery. As shown in the section about 
ecosystem services, e.g., regulation of micro climate 
and mitigation of urban heat-island effects, these will 
be increasingly needed under many climate change 
scenarios. Thus, we should increase our focus on 
maintaining healthy urban forests as another of the 
challenges of climate change on ecosystems.
As described in the highlight boxes on forests and 
human health, climate change can lead to increased 
pressure on already vulnerable forest-dwelling peo-
ples. People living in close dependency upon forests 
for their household economies will be highly vul-
nerable to forest degradation. In many parts of the 
world, climate change will also increase the disease 
load on forest people, at the same time as increased 
outside pressure will make it more difficult for them 
to sustain their social and cultural systems. The 
likelihood of increased occurrence of vector-borne 
diseases and the spread of such diseases as a conse-
quence of climate change is described in the separate 
box on vector-borne diseases. Many zoonoses and 
pathogen groups have their reservoirs in forests and 
forest animals. The incidences of mosquito-borne, 
rodent-borne, and tick-borne diseases are known to 
be affected by weather changes. With increases in 
global temperatures, tropical insects and other vec-
tors may increase their habitats into more northern 
and southern latitudes, and to higher elevations, 
bringing pathogens to larger areas. Climate change 
also threatens the habitats of medicinal plant species, 
and may impact negatively on the potential to de-
velop new pharmaceuticals and functional foods.
The ability of forests to adapt to new climate 
conditions, and the stability of forest ecosystems 
will affect both the ecosystem services they can 
provide and the attractiveness of the landscapes for 
restoration and recreation. People’s perception of 
forest landscapes, and the ability of forests to pro-
mote recreation are likely to be affected by climate 
change. To be able to predict with more accuracy 
how species composition, openness, and other visu-
ally important characteristics will affect the restor-
ativeness and other psycho-physiological measures, 
more research is needed, both regarding the visual 
structure of forests in the process of climate change 
and in investigating how these changes are perceived 
by people. There will be regional differences both in 
the effects of climate change on forest structure and 
in perception and recreational patterns that need to 
be addressed in future studies. However, access to 
attractive forest areas will be as important for human 
health and well-being in the future as it is today, and 
climate change seems to challenge this through its 
effects on forest distribution and structure.
Mitigation of the negative effects discussed in the 
above sections can be achieved through changes in 
forest management. For example, increases in for-
est density can be mitigated through thinning and, 
in the event of severe disturbances, efforts to clear 
trails and secure access to recreational areas will 
be necessary. Monitoring programmes and tools for 
landscape analysis can help in identifying needs for 
intensified management or restrictions on use in high 
pressure areas. It is clear that many forest and health 
issues are complex and call for more systematic and 
interdisciplinary research to give clear answers that 
can inform policy. Climate change adds to the ur-
gency of these tasks.
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GLOBAL SOCIO-ECONOMIC CHANGES
13.1 Introduction
Globally, forests cover about 4 billion hectares or 31% 
of the total land area. From 2000 to 2010, around 13 
million ha of forest were converted to other land uses, 
mostly to agricultural land for commercial agricul-
ture (32%) or subsistence farming (42%) (UNFCCC 
2007). These land cover and land use changes are 
due to both sectoral and extra-sectoral drivers. While 
many changes in forest cover and condition originate 
from within the forest sector, the drivers that origi-
nate from outside the forest sector (extra-sectoral) 
can be more powerful than the sectoral drivers in 
shaping the future of forests and forestry.
Prior analyses of the causes of forest conversion 
have led to the identification of direct and under-
lying causes of deforestation (Figure 13.1). Extra-
sectoral influences, such as agricultural expansion, 
cattle ranching, mining, and gas and oil extraction, as 
well as construction of dams and roads, are consid-
ered as major direct drivers. Since the forest sector 
is more embedded in the global economy than ever, 
major industries have become predominant drivers 
of deforestation. In countries with high forest cover 
(e.g., Brazil, Cameroon, Indonesia), the expansion 
of markets into areas with large, contiguous forests 
has significantly contributed to deforestation, espe-
cially in old-growth forests (Rudel 2005). Such direct 
causes are often driven by underlying causes of for-
est decline, which include market failures, mistaken 
policy interventions, governance weaknesses, and 
broader socioeconomic and political causes.
The next section provides an overview of most 
important extra-sectoral drivers: agricultural ex-
pansion (including food crops, livestock, and fuel 
crops) and infrastructure development (including 
roads, dams, and mining-related infrastructure). In 
addition, urbanisation is also analysed as an extra-
sectoral driver of both deforestation and forest expan-
sion within and outside of urban areas.
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13.2 Extra-Sectoral Drivers 
and Their Effects on Forests
13.2.1 Agricultural Expansion
Historically, agriculture has expanded and developed 
at the expense of forest land. While forests have tra-
ditionally supported multiple land uses, such as crop 
production, livestock husbandry, and the provision 
of habitats for wildlife, today forests and agricul-
ture increasingly compete for land – particularly for 
large-scale agricultural production serving domestic 
and international markets. The causes of forest con-
version to agricultural land differ in different parts 
of the world. In Latin America and Asia, the con-
version takes place mainly due to the shift towards 
large-scale agriculture, including pasture, and more 
recently to biofuel crops (FAO 2007, Martin 2008). 
In Africa, about 60% of forest land conversion is 
due to the development of small-scale agriculture 
on plots that are smaller than 25 ha (FAO 2007). 
However, large-scale land acquisitions for agricul-
tural production by foreign investors are playing an 
increasing role, also in Africa.
The world population is expected to exceed 9 bil-
lion people by 2050. Population growth will lead to 
increases in demand for food and fuel. In the absence 
of adequate productivity growth to match population 
increase, agricultural expansion will cause further 
conversion of forest to agricultural land (FAO 2009). 
Introduction of more efficient and sustainable pro-
duction systems and new technologies will require 
expertise and investments that are lacking in many 
countries around the globe. The question of food 
supply is not just a matter of availability of land for 
cultivation; it is a complex socio-economic issue.
The agricultural sector is a major contributor to 
the national economies of many countries around the 
world. Government policies tend to promote the ex-
pansion of the agricultural sector through special pro-
motional programs, including subsidies. They may 
also indirectly support agricultural expansion at the 
expense of forests by making agriculture more eco-
nomically attractive through such policies as levying 
excessive taxes on the harvest and transport of forest 
products. It is fair to assume that if the net returns 
to agriculture are higher than those to forestry, a 
landowner would give preference to agricultural land 
use unless regulatory instruments to prevent it are in 
place and enforced.
Increasing international market demand for agri-
cultural commodities is an underlying cause of defor-
estation in areas where the expansion of large-scale 
agriculture is a major driver of deforestation. The 
prices and demand for agricultural commodities tend 
to increase over time. This, and the shortage of agri-
cultural land in some countries, are leading to large-
scale foreign land acquisitions in the South (Cotula et 
al. 2009). The growing demand for biofuels, which 
are often advocated as an environmentally friendly 
substitute for fossil fuels, has placed additional pres-
sure on scarce land resources through increasing the 
production of biofuel feedstocks, which, however, 
often fail to produce net carbon benefits. The growing 
biofuel market is likely to further increase pressure 
on forests due to increasing competition for land for 
producing food, fuel, feed, or forest products. In-
creased use of existing food crops (such as oil palm, 
soy, and sugar cane) for biofuels, and the emergence 
of new biofuel feedstocks, such as jatropha, have also 
increased pressure on forests, especially in South 
America and Southeast Asia (Koh and Wilcove 2008, 
Gao et al. 2009).
Figure 13.1 Causes of forest decline (Contreras-Hermosilla 2000).
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13.2.2 Infrastructure Development
The expansion of infrastructure (roads, mines, dams, 
etc.) has been shown to negatively impact on forest 
extent and quality (Seymour et al. 2008, Mwitwa et 
al. in prep.). Among these factors, road construction 
is by far the one that most contributes to defores-
tation (Chomitz et al. 2007). In most cases, roads 
built in forests perform multiple functions and should 
be viewed as extra-sectoral drivers. Road construc-
tion may indirectly contribute to deforestation and 
forest degradation by reducing the cost of spatial 
mobility, thus facilitating access to forests for log-
ging, agriculture, and other uses (Geist and Lambin 
2002). Roads have been proven to increase access to 
natural resources by small- and medium-scale opera-
tors, and to strengthen the linkage between forests 
and markets (Vance 1986 and Owen 1987, cited by 
Perz et al. 2008). Roads constructed by non-state 
actors (Perz et al. 2008), such as colonists and log-
gers, to access land and timber resources can lead to 
dense road networks that fragment forest cover into 
smaller and often more isolated patches with high 
ecological vulnerability (Perz et al. 2008). Analysis 
of such road networks in the centre-western part of 
the state of Para, Brazil, showed that within about 
one decade the length of these roads increased four 
times and comprised about 80% of the total road 
network in 2001 (Brandão et al. 2006, cited by Perz 
et al. 2008).
Mining for metals (e.g., gold, copper, nickel), 
non-metals (e.g., precious and semi-precious stones, 
asbestos), and fossil fuels (e.g., coal, oil, and natural 
gas) is another source of forest destruction world-
wide (Bryant et al. 1997). While open pit mining 
is largely considered to be the most damaging on 
forests, leading to deforestation on large areas, un-
derground mining can also have an important influ-
ence on large areas of forest if wood from natural 
forests is used as underground structural supports 
(Mwitwa et al. in prep.). Besides the area directly 
used as mining pits, additional forest area is cleared 
or degraded when dumping waste material, by ac-
quiring wood fuel for smelters or to purify iron, or 
wood for construction (Mwitwa et al. in prep.). Other 
negative impacts on forests may include water stress 
caused by lowered water table or water contamina-
tion, as well as stunting of vegetation due to air and 
water pollution (Chipundu and Kunda 1994, Mu-
lenga 1999).
Although the direct damage to forest cover is 
smaller in scale and more localised for mining con-
cessions than for logging concessions, the indirect 
impacts on forests are similar. Mining and logging 
both increase access to otherwise remote forest ar-
eas and provide an outlet for further deforestation, 
especially in places where population pressures 
already exist (Miranda et al. 1998). Furthermore, 
studies show that even after mining operations were 
abandoned, forest recovery on mining sites is slow 
and qualitatively inferior compared to regeneration 
following other land uses. A study of forest regenera-
tion following small-scale gold mining in Surinam 
showed that large parts of previously mined areas 
remained bare of vegetation and often with standing 
water (Peterson and Heemskerk 2001). Besides the 
direct impacts of mining on forest cover, additional 
indirect impacts may be caused by mining-related 
infrastructure development or land-use conflicts. 
Box 13.1 provides an example of land-use conflicts 
caused by oil and gas exploration in the boreal forests 
of Alberta, Canada.
Damming rivers for hydroelectric power also 
floods millions of hectares of forests and disrupts 
freshwater ecosystems (Bryant et al. 1997). Aside 
from the direct inundation of forested land, addi-
tional direct forest loss is caused by the construction 
of supporting infrastructure, such as roads, power 
lines, and power plants. Indirect loss of forests also 
occurs due to the establishment of settlements to 
move people out of inundated areas and when replac-
ing inundated agricultural land with clearing forest 
(World Commission on Dams 2000). Furthermore, 
changing water levels related to the dam affect for-
ests upstream, downstream, and within adjacent res-
ervoirs. The increasing need for renewable energy 
combined with climate change mitigation strategies 
have increased the pace of dam construction for hy-
dropower generation worldwide. Areas of particular 
interest for dam projects are Africa and Southeast 
Asia (Imhof and Lanza 2010).
13.2.3 Urbanisation
United Nations Human Settlements Programme (UN 
Habitat) has named the 21st century the Century of 
the City (UN Habitat 2008). More than half of the 
world’s inhabitants now live in urban areas, while 
this share is expected to increase to 60% within the 
next two decades, an increase from 3 to 5 billion 
urban dwellers (Kotkin 2005). In Europe, North 
America, and Latin America, the urban population 
is greater than 70% of the total population. This scale 
of urbanisation is a fairly recent phenomenon, as 
the large majority of the world’s inhabitants lived in 
rural areas until very recently. In 1800, for example, 
only one out of five people in Britain and Holland 
lived in cities; today about 90% of residents in these 
countries live in urban areas (Ponting 1991).
Urbanisation is a complex phenomenon, taking 
place in different ways across the globe, with large 
differences in the nature and speed of urbanisation 
between regions. While cities in large parts of Europe 
are experiencing population declines, for example 
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Alberta, a province in western Canada, has experi-
enced rapid population growth – an increase from 
3.2 million to 3.6 million between 2003 and 2009. 
This growth in population is associated with sig-
nificant activity in the oil and gas industry, which 
has provided much of the impetus for development 
and has attracted workers from all over the world. 
Oil and gas activities, as well as forestry, mining, 
agriculture, recreation, and housing and infrastruc-
ture development have resulted in competition for 
land, water, and air resources, placing unprece-
dented pressure on landscapes and generating a 
wide range of land-use challenges. The intensity of 
industrial development is illustrated by the several-
fold increase in the number of land use permits 
(dispositions) issued for all development activities, 
with over 250 000 dispositions active across the 
province by 2009, the majority of which are located 
in the Boreal bioregion (Figure 13.2).
Alberta is known for its beautiful landscapes, 
biodiversity, recreational opportunities, agricul-
tural production, and natural areas, but the density 
of industrial and human activity has unavoidably 
created instances where landscape-level objectives 
conflict. Well-developed forest plans are often dis-
rupted by oil and gas exploration, adding to frag-
mentation of the landscape and creating challenges 
to maintain wildlife populations, such as grizzly 
bears and woodland caribou. An updated approach 
to the integrated management of land, resources, 
and the natural environment was needed to ensure 
Alberta’s landscapes and that its values would re-
main sustainable, productive, and could be enjoyed 
by present and future generations.
The Alberta Land-Use Framework was devel-
oped to address these challenges. The planning 
framework complements current water and air 
policies, and directs balanced outcomes for agricul-
ture, housing, energy and industrial development, 
transportation and utilities, tourism and recreation, 
natural areas and parks, and habitat for wildlife. 
Although trade-offs are inevitable, the planning 
framework sets out an approach to manage public 
and private lands and natural resources to achieve 
Alberta’s long-term environmental, economic, 
and social goals. The Framework was developed 
through comprehensive public consultation and 
consists of the following strategies to improve land-
use decision-making:
1. Development of regional land-use plans for 
seven regions to integrate provincial policies at 
the regional level and provide the context for 
land-use decision-making.
2. Management of cumulative effects at the re-
gional level to ensure that human activities rec-
Box 13.1 Forests and infrastructure: Managing cumulative effects in a boreal landscape of 
Alberta, Canada
Figure 13.2 Intensity of industrial development in Alberta.
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due to suburbanisation and sprawl, cities in the de-
veloping world are gaining an average 5 million ad-
ditional inhabitants every month (UN Habitat 2008). 
In fact, up to 95% of the future growth of the urban 
population is expected to take place in developing 
countries.
The linkages between urbanisation and forests 
are complex. The most obvious linkage is the in-
creasing land area converted from forests to urban 
landscapes. Through their physical expansion, urban 
areas have an increasing impact on local, regional, 
and global environments, including forests (Photo 
13.1). A study in the US found that about one-third of 
urban expansion took place on forested land (Nowak 
et al. 2005). Other linkages are less obvious, includ-
ing the impact of urbanisation on the incidence of 
fire and exotic pest infestations, and on forest frag-
mentation (Nowak et al. 2005). Urbanisation also 
leads to changes in culture, values, and norms, and 
thus changes in the broader relationship between 
mankind and nature. During the early 1970s, Paris 
(1972) spoke of the “citification” of the forest: con-
flict situations between “industrial” and “societal” 
use of forests have been occurring to an increasing 
extent, and urban societies have been imposing their 
ideas, values, perceptions, and lifestyles on the coun-
tryside and its forest areas. Thus urbanisation does 
not only impact on forests through direct transfor-
mation of forest land, but also by influencing forests 
and their management in myriad other ways (see also 
ognise the finite carrying capacity of Alberta’s 
watersheds, airways, and landscapes. This will 
involve the identification of appropriate thresh-
olds, measurable management objectives with 
indicators, and targets for air, land, water, and 
biodiversity.
3. Development of conservation and stewardship 
tools for public and private lands. The assessment 
and development of market-based instruments, 
such as Conservation Offsets and Conservation 
Easements, in addition to traditional regulatory-
based mechanisms, will allow the Government 
of Alberta to partner with Albertans, industry, 
and other levels of government in stewardship 
of all of Alberta’s lands.
4. Efficient use of land. Plans are being developed 
and supported by processes and strategies to re-
duce cumulative impacts on the landscape.
5. Monitoring, evaluation, and reporting systems. 
Processes are being established to contribute 
to continuous improvement of land-use plan-
ning and decision-making, with the province’s 
Biodiversity Monitoring Program being a key 
component of this system.
Photo 13.1 Forests and Urbanisation: The 21st century has been deemed the Century of the City by 
UN Habitat. Megacities such as Ho Chi Minh City, Vietnam, are driving natural resource management 
throughout the country.
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Chapter 4,  Section 4.3). Turner et al. (2004) describe, 
for example, how people’s relationships with nature 
may change fundamentally because of limited expo-
sure to biodiversity in their daily lives.
In spite of an increasing area of forests coming 
under urban influence, the forest sector has been slow 
to recognise its urban mandate. It has considered 
itself a primarily rural activity, as most forest re-
sources are situated in rural areas, with the produc-
tion process assuming a strong agricultural character 
(Essmann et al. 2007). Yet, in response to the grow-
ing and changing demands of cities towards nearby 
forests, several new approaches that recognise the 
urban dimensions of forestry have emerged. Urban 
forestry was developed in response to the demand 
for more integrative, problem-oriented approaches 
to the management of urban trees and green spaces. 
It finds its origins in practical concerns, such as the 
challenge of Dutch Elm Disease, facing North Amer-
ican practitioners, calling for integrated approaches 
to better deal with the challenges of modern cities 
(Konijnendijk et al. 2006).
Urban forestry has been defined as an integrated, 
city-wide approach to the planting, care, and man-
agement of trees in urban areas to secure multiple 
environmental and social benefits for urban dwellers 
(Helms 1998). The approach focuses on enhancing 
the multiple economic, environmental, and socio-
cultural goods and services urban forests can pro-
vide. It has been argued that urban forestry has acted 
Cecil Konijnendijk
The “urbanisation” of forestry is well-illustrated 
by the case of the 1100 ha Sihlwald near Zurich, 
Switzerland (Photo 13.2). As early as during the 
second half of the Middle Ages, more “city orient-
ed” criteria had started to determine forest use and 
management. Traditionally favoured forest uses, 
such as masting of pigs and animal grazing, now 
came secondary to supplying the city with wood. 
Zurich’s city council staked its claim over the for-
est, drawing up the first regulations and installing 
forest keepers. The city’s influence was steadily 
expanded, and forest management changed in line 
with changing demands of the city’s inhabitants. 
During the 1980s, a plan was conceived to develop 
this forest area into a “wilderness resort.” Timber 
cutting was banned and natural values were fa-
voured. Presently, the larger part of the Sihlwald is 
no longer managed, as priority is placed on giving 
the people of Zurich the opportunity to experience 
a wilderness area and observe natural processes. 
The aim is for the Sihlwald to obtain the status 
of a national “Naturerlebnispark” (Nature Experi-
ence Park). According to new legislation for pro-
tected areas in Switzerland, these types of parks 
are “small brothers” of national parks. They are 
situated near urban centres, are relatively small 
in size, and offer recreational and educational op-
portunities. Sources: Irniger (1991), Seeland et al. 
(2002), Bachmann (2006).
Box 13.2 Forests and urbanisation: The Sihlwald in Zurich, Switzerland
Photo 13.2 The management of Sihwald has changed in line with changing demands 
of the visitors.
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as a driver for forestry development (e.g., Krott 1998, 
Konijnendijk 2003) as forestry has slowly started 
to accept its urban mandate (Essmann et al. 2007). 
As urban communities and their associated develop-
ments expand into forests, management and policy 
decisions concerning the protection, recreational 
uses, scenic views, wildlife, and other uses become 
more complex, with more stakeholders and more at 
stake than before (Nowak et al. 2005). Because of 
the significant interactions between large parts of 
the population and urban and community forests, 
these forests are likely to influence people’s attitudes 
towards forests and their management across the 
landscape. According to Nowak et al. (2005), this 
potentially makes these forests some of the most 
influential forests of the 21st century. Public discus-
sions about forestry issues will often have a “hook” 
to the local urban forest. Urban forestry’s past and 
present is full of high-profile “social conflict” cases 
over urban development and forest conservation. 
Forests in and near cities have also traditionally of-
fered a fruitful testing ground for introducing new 
concepts and management, focusing, for example, 
more on social and environmental services, forestry 
under anthropogenic and other stresses, and on the 
involvement of stakeholders and on conflict manage-
ment (Konijnendijk 2008).
Multiple-use forestry is being transformed with-
in modern landscape planning, with the traditional 
urban-rural divide giving the wrong sense of alterna-
tive development options. More regional and land-
scape concepts are needed to strengthen the links 
and complementarities between cities and rural areas 
(Töpfer 2001). Urban forestry is crossing the bound-
aries between woodlands and other elements of urban 
(and peri-urban) green spaces. It has developed new 
types of forested landscapes where woodland is only 
one part of a multifunctional landscape mosaic (Van 
Herzele 2005, Konijnendijk 2008). Huge demands 
for urban forest goods and services have to be met by 
a small resource base, and conflicts have been a logi-
cal consequence (see Chapter 4, Section 4.4). Thus, 
urban foresters have had to develop their “people 
skills” as well as conflict management capacities. 
They are learning how to involve other stakeholders 
in their decisions and activities. In high-pressure ur-
ban environments, partnerships and new institutional 
set-ups are a necessity. Teamwork with fellow pro-
fessionals is required, as well as close collaboration 
with various stakeholders.
13.3 The Effects of Extra-
 sectoral Drivers on Forest 
Communities
This section provides an overview of the nature of 
impacts of extra-sectoral drivers on communities, 
emphasising communities that depend on affected 
forest areas rather than urban communities. The 
expansion of agricultural cash crops (soy, sugar 
cane, tobacco, cotton), energy crops, mining, and 
infrastructure have all been linked to deforestation, 
and will therefore be considered in relation to their 
impacts on local communities.
Extra-sectoral drivers impact on rural communi-
ties in a number of ways, many of which are more 
profound than the impacts of sectoral drivers. This 
relates to the, in many cases, profound transforma-
tion of traditional livelihoods associated with defor-
estation and globalisation. Some of the extra-sectoral 
impacts are direct, some are indirect and mediated by 
extra-sectoral influences on forests. The range and 
extent of socio-economic impacts associated with 
industrial activity in forest areas depend on the scale 
and intensity of exploitation (Johnson and Rosillo-
Calle 2007). These impacts may be positive or nega-
tive. Positive impacts include job or income genera-
tion through increased demand for agricultural or 
forestry products. Negative impacts may be equally 
profound, and include impacts on local livelihoods, 
customary tenure (restrictions in customary rights or 
complete displacement) and food security, enhanced 
social conflict, and loss of cultural identity. This sec-
tion summarises some of the literature on the types 
and magnitudes of these impacts.
13.3.1 Employment, Infrastructure 
and Services
Many of the benefits of extra-sectoral drivers to local 
communities relate to the direct livelihood effects 
rather than effects on forests, and will, therefore, 
be treated only briefly. It is important to recognise, 
however, that many of these direct social effects 
have spin-offs that in turn shape forests. Smallholder 
production of oil palm in Sumatra, for example, is 
leading to significantly higher farmer incomes than 
other commodities – and causing a massive shift 
from complex agroforests to monoculture oil palm 
plantations.
The establishment of large estates can bring 
significant benefits to employees, such as health 
care, medical insurance, sanitation, and improved 
infrastructure (Bury 2005, Tomlinson 2005, Goldem-
berg et al. 2008 cited in Johnson and Rosillo-Calle 
2007). Under progressive corporate or government 
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policies, companies may also instil profit-sharing 
mechanisms. More than 84% of Brazilian sugar-
cane plantations, for example, have such initiatives 
(Goldemberg et al. 2008). Mining in Peru has led to 
positive impacts on economic resources and human 
capital, with significant gains to employment and in-
frastructure, increased demand for agricultural prod-
ucts, increased provision of credit, increased land 
values; and improvements in health care, education, 
sanitation, and training (Bury 2005). Mining in the 
Copperbelt brought significant gains to infrastruc-
ture and social services, particularly when mines 
were government-owned (Fraser and Lungu 2007, 
Mwitwa et al. forthcoming). The level of benefits 
depends on a host of factors, among these are govern-
ment regulations, corporate policies and practices, 
and the properties of the commodity itself. Gov-
ernment labour standards and other policies shap-
ing corporate practice can influence such benefits 
through the setting of minimum standards and the 
channelling of revenue flows (Kojima and Johnson 
2005). Commodities can influence job creation based 
on how labour-demanding they are and whether or 
not they lend themselves to mechanisation (Kojima 
and Johnson 2005).
It is important, however, to use caution when 
assessing net impacts on employment and extra-sec-
toral influences. Benefits derived from land conver-
sion to industrial-scale plantations or mines should 
be compared with the benefits derived from this land 
using a matrix that can facilitate comparison with 
alternatives (productive, social, environmental ben-
efits/damages). A recent study from Ghana suggests 
that the expansion of biofuel feedstocks can result 
in a net loss of returns to land for local communities 
(Schoneveld et al. in prep.). Employment benefits 
and costs must also be looked at over time, both 
during various phases of industry development and 
following closure, given the evidence of significant 
fluctuations between start-up and operations, and 
the long-term losses that can occur due to the de-
struction of customary livelihoods (Carrere 2004). 
There can also be loss of employment from land use 
changes designed as income-generating measures, as 
illustrated by the introduction of Eucalypts in India, 
which caused other land uses to be transferred to 
labour-saving plantations. Mechanisation has long 
been a cost-saving measure used for minimising hu-
man resource costs. Casual or part-time employment 
without benefits is a measure utilised by industries 
in developed and developing countries to keep costs 
down (Richardson 2001, Fraser and Lungu 2007, 
Mwitwa et al. forthcoming). The privatisation of the 
mining industry in Zambia has led to a decline in the 
quality of employment, with “45% of those work-
ing in the mines now unable to access permanent, 
pensionable contracts. Most mining companies are 
offering significantly less beneficial terms and con-
ditions, and have increased the use of employment 
contractors who pay a fraction of the wage offered 
to permanent workers for the same work in the same 
mine” (Fraser and Lungu 2007, p. 3). The tendency 
to contract workers from outside the local area is also 
a cause of concern for customary residents (Mwitwa 
et al. forthcoming).
13.3.2 Stimulation of Local Markets
The introduction of a large-scale commercial enter-
prises into previously remote forest landscapes has 
a host of economic spin-offs on the local economy 
and forests. According to a study on the effects of 
mining in the Copperbelt (Mwita et al. forthcoming), 
forest residents near mining towns identified a host 
of economic benefits, from improved markets for 
agricultural and forest products to improvements in 
public transport, that strengthen linkages to urban 
markets. Thus, the effects of extra-sectoral drivers on 
forests may be mediated through their intermediate 
effects on local economies. Whether or not enhanced 
economic activity leads to forest degradation or sus-
tainable forest management depends on a complex 
set of factors, one of the most important being lo-
cal institutional capacity to regulate forest resource 
exploitation.
Economic benefits of extra-sectoral influences 
are not automatic. Reports on the Zambian mining 
sector have found that many of the expected ben-
efits for the local economy have not materialised 
due to the use of hired labour from outside the area 
for timber sourcing, and to linkages to suppliers, 
manufacturers, and markets outside Zambia (Fraser 
and Lungu 2007, Mwitwa et al. forthcoming). In 
a four-country study of mining, benefits were only 
found to “trickle down” to communities when both 
government and corporate policies support local em-
ployment (ICCM 2006).
13.3.3 Impacts on Customary Tenure 
and Livelihoods
Forests, woodlands, and rangelands – often viewed 
as “unproductive” and “under-utilised” by govern-
ments – have become target areas for new invest-
ments. Concessions on forest lands are often granted 
to industry for logging, harvesting non-timber forest 
products, mining, exploration for and exploitation of 
oil and gas, and agricultural production (Sunderlin et 
al. 2008). Research suggests that the recent wave of 
forest tenure reforms aimed at enhancing local own-
ership and control over forests may be in jeopardy, 
as governments derive more immediate benefits from 
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industrial management models (Eba’a Atyi 1998, 
Global Forest Watch 2000, Sunderlin et al. 2008). 
The combined area of industrial concessions in 15 
surveyed countries is much larger than the combined 
area of forest lands designated for use or owned by 
communities (Sunderlin et al. 2008). In many cases, 
concessions are awarded on community lands. “In 
Peru, 45 million ha of land is under contract for oil 
and gas exploration and exploitation, and almost all 
titled indigenous lands are affected in some way by 
these concessions” (Sunderlin et al. 2008). The pro-
motion of soy production in the Brazilian Amazon at 
the end of the 1990s led many agro-industrial farms 
to settle in the region. As primary forests were off 
limits, settler lands were targeted through coercion 
or forced displacement, leading to two waves of 
mass displacement (Steward 2007). In some cases, 
property rights and cultural traditions are brutally 
suppressed by the authorities through the use of the 
military and police force (Ite 2004). In other cases, 
indigenous land rights are undermined by the arrival 
of recent migrants (Mendoza et al. 2007). Ultimately, 
the strength, nature, and enforcement of land rights 
will determine who benefits and who loses when 
biofuels and other commodities penetrate the forest 
frontier.
In addition to the obvious environmental dam-
ages, the shift from customary to private sector ten-
ure has undermined the livelihood and safety net 
functions of these lands. Local complaints related 
to industrial-scale concessions have included di-
version of valuable water resources used by small-
holders for domestic uses and irrigation (Bury 2005, 
Steward 2007, Cotula et al. 2008), widespread and 
profound damage to indigenous culture and cul-
tural heritage (Dixon and Dillon 1990, Carrere 
2004, O’Faircheallaigh 2008), decreased access to 
land, diminished water quality (Bury 2005), loss of 
employment (Raintree 1996), disruption in social 
organisation and cohesion (Carrere 2004, Steward 
2007), loss of community infrastructure (Steward 
2007), marginalisation of women (FAO 2008), con-
version of marginal lands once providing important 
safety net functions (FAO 2008), declines in child 
health, risks of physical injury, and reduced agricul-
tural productivity (Steward 2007, Mishra and Pujari 
2008, Mwitwa et al. forthcoming). A four-country 
report on the socio-economic impacts of mining also 
found that while society as a whole tends to benefit, 
there are generally segments of society in mining 
regions who are gaining little or even losing (ICMM 
2006). The cost-benefit ratio of industries such as 
mining that induce long-term environmental damage 
increases significantly over time, as mines close up 
but the economic costs of lost jobs and livelihoods 
in agriculture, forestry, and fisheries extend far into 
the future (Carrere 2004).
13.3.4 Impacts on Food Security
The expansion of industrial-scale concessions, infra-
structure, and other extra-sectoral influences into for-
est areas can shape food security through land com-
petition, pricing effects, or demographic changes. 
The expansion of industrial-scale concessions (ag-
ricultural, mining, etc.) into the forest frontier often 
exhibits a negative effect on food security through 
the displacement of communities from agricultural 
land to which they hold only customary (in most 
cases, informal) rights (Friends of the Earth, Life 
Mosaic and Sawit Watch 2008). It may also lead 
to increased competition over forest products and 
agricultural land, as demographic pressures increase. 
Yet expansion of infrastructure or economic activity 
into the forest frontier may also create economic op-
portunities previously unavailable to communities.
Cotula et al. (2008) predict future consequences 
of increasing demand for cash crops – which include 
shifts in land rights (e.g., increasing privatisation 
or reallocation of entitlements to the private sector, 
formalisation of tenure), displacement of food with 
cash crops, and rising incidence of food insecurity, 
conflict, and reduced access to natural resources. 
Thus, both staple foods and “safety nets” associ-
ated with customary resources (e.g., forests, grazing 
land) are likely to be at stake. Such negative effects 
can be ameliorated through government policies, as 
well as by good planning to mitigate any costs to 
local livelihoods and food supply (Goldemberg et 
al. 2008).
13.3.5 Social Conflict
A recent study by DeKoning et al. (2008) explores 
the causes and consequences of forest conflict. These 
authors point to increasing demand for arable land 
for commercial or subsistence purposes, fuelled in 
part by rapid population growth and economic devel-
opment in emerging economies, as a key culprit that 
has intensified human pressure on forests and fuelled 
competition for resources. “In countries and regions 
where governments cannot guarantee livelihood and 
tenure security and equal distribution of benefits… 
the pressures easily create the kind of grievances 
that can feed armed conflict” (DeKoning et al. 2008, 
p. 2). The more common conflicts are low-intensity 
conflicts, such as disputes between forest commu-
nities over village boundaries, or disputes between 
forest concession holders and local communities 
over access to forest products, decision-making, 
and benefit sharing. Interestingly, these authors 
found that unclear and divergent interpretations of 
rights or violations of rights and tenure – and high 
livelihood dependency on forests – are invariably at 
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the root of those conflicts. Such conflicts normally 
arise because particular user groups are excluded 
from participating or sharing in the benefits of forest 
management (Castro and Nielson 2003). DeKoning 
et al. (2008) also found that conflicts occur if there 
are: (i) contradictions between local and introduced 
management systems; (ii) misunderstandings and 
lack of information about policy or program objec-
tives; (iii) contradictions or lack of clarity in laws and 
policies; (iv) inequity in resource distribution; or (v) 
poor policy or program implementation. Communi-
ties whose livelihoods are threatened may respond 
with low-grade resistance, large-scale protest, or 
armed conflict (Carrere 2001).
Extra-sectoral drivers can also lead to conflicts 
within and among local communities due to the sig-
nificant transformations in livelihoods and social 
relations. Road building in the Amazon Basin, and 
seasonal employment in the South African sugarcane 
industry, for example, have led to conflict between 
resident communities and migrant workers due to 
conflicting land claims and competition over limited 
employment (Goodland and Irwin 1975, Johnson and 
Rosillo-Calle 2007, Mendoza et al. 2007). Migrants 
compete for jobs with local residents, and the ab-
sence of community cohesion can create a host of 
social problems such as alcoholism, promiscuous 
behaviour, and increased HIV infection rates (FAO 
1995, Cornland et al. 2001, Mwitwa et al. forth-
coming). If migrants become permanent settlers, in-
creased unemployment and pressure over land can 
intensify conflict with negative effects on community 
cohesion, ethnic tension, and disintegration of tradi-
tional conflict resolution mechanisms and structures 
of authority (Bury 2005, Johnson and Rosillo-Calle 
2007). In some cases in the Brazilian Amazon, de-
velopment schemes bringing new colonists to remote 
forest areas have caused land conflicts so serious that 
federal government intervention became necessary 
(Schmink and Wood 1992).
13.4 Conclusions and 
Recommendations
Extra-sectoral pressures on forests and forest com-
munities have increased over time and are increas-
ingly responsible for major forest landscape trans-
formations. Efforts are needed to recognise the 
scope and scale of such pressures, and to find ways 
to reconcile the economic activities of other sec-
tors with sustainable use of forests and forest-based 
livelihoods. The following recommendations may be 
made to policy-makers with regard to extra-sectoral 
pressures on forests:
1. Move toward more integrated, multi-sectoral 
approaches to land use planning using a prob-
lem-oriented approach and giving attention to 
landscape-level processes. Sectoral approaches 
to planning will tend to advance the objectives at 
some sectors at the expense of others and result 
in opportunities lost for reconciling the diverse 
economic, social, and ecological functions of for-
est landscapes.
2. Support the development of land use and eco-
nomic policies that help to reconcile divergent 
interests over the use of forest landscapes, and 
eliminate perverse incentives behind land cover 
transformation.
3. Enable participatory processes for involvement 
of local communities in decision-making about 
natural resource allocation and land use. Free, 
prior, and informed consent helps communities 
to participate actively and directly in decision-
making about local ecosystems.
4. Find ways to leverage support from higher politi-
cal authorities who can exhibit some influence 
over sectors having a profound effect on forest 
landscapes but who are currently unaccountable 
to these effects (due, for example, to their sta-
tus in the broader economy), particularly where 
opportunities exist for win-win outcomes or for 
responsible parties to bear the full social and eco-
logical costs of their actions.
5. Support research to characterise and quantify 
the effects of extra-sectoral pressures on forests 
in order to promote planning processes in sup-
port of sustainable forest management. Industrial 
demand for timber or wood-based fuel or fibre, 
for example, can be assessed and compared with 
current supply to identify shortfalls and plan for 
a sustainable supply.
6. Support research to characterise and quantify 
the effects of extra-sectoral pressures on forest 
communities in order to identify opportunities for 
leveraging greater economic benefits, minimising 
the social and environmental costs, and raising 
awareness where extra-sectoral developments are 
irreconcilable with community interests.
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Abstract: The circumpolar boreal forest is the fourth largest terrestrial biome on 
the planet. It is entering a period of relatively rapid transition, propelled by climate 
change and economic development. Warming conditions threaten to alter processes as 
diverse as permafrost retention, insect outbreaks, and transportation. Thawing perma-
frost and increased levels of natural and anthropogenic disturbance may result in net 
releases of carbon dioxide and methane, while forest cover with greater biomass can 
be expected to expand onto the arctic tundra. Human use in some parts of northern 
forests is becoming more centralised and industrialised, with cumulative impacts from 
hydroelectric development, the oil and gas sector, mining, timber harvesting, and trans-
portation. Communities tend to be widely spaced, and are either highly dependent on 
resource-based commodity exports or on subsistence-based lifestyles supported by 
local biodiversity. Efforts are underway in many jurisdictions to curtail illegal logging 
and environmentally damaging industrial development, to account for non-timber forest 
values in the course of forest management, and to promote the economic diversifica-
tion of communities. In order to preserve the integrity of ecosystem processes, efforts 
are being directed in some jurisdictions to better emulate natural disturbance regimes 
and forest structures in the implementation of ecosystem-based management. The eco-
systems and people of the world’s boreal forests are vulnerable to impending changes 
in climate and socio-economics, although regions within the biome differ markedly in 
their exposure to dramatic changes in climate and forest products markets and also 
in the adaptive capacity of communities and infrastructure. Despite the changes that 
can be expected, the boreal zone will continue to present opportunities to undertake 
land management over largely natural forests in a manner that respects the need for 
sustaining biodiversity, economically viable enterprises, and northern communities. If 
regional economies can diversify as well, such an advantage may also facilitate ecotour-
ism and attractive lifestyle options in the circumboreal region.
Keywords: biodiversity, climate change adaptation, ecosystem management, extensive 
forest management, peatlands, permafrost, subarctic forest, taiga
■
REgIonAl ExAmPlES oF FoREST RElATEd 
ChAllEngES And oPPoRTunITIES
14.1 Background
Looking at a detailed map or satellite image of the 
Earth’s northern continents, one cannot help but be 
impressed with the vast areas of lichen woodlands 
and dense conifer forests. Interspersed with bare rock, 
rivers, lakes, and peatlands, these are the world’s 
subarctic, cold boreal forests (Photo 14.1). The term 
“taiga” is borrowed from the Russian “тайга,” and 
has been introduced as a worldwide descriptor of 
this important biome, though in Canada this term 
is restricted to the open-canopied conifer forests of 
the far north. The boreal region is so vast, so rich in 
unexploited resources, so diverse in its administra-
tion and management, so important in the culture and 
economies of northern nations, that this chapter can 
only provide a superficial overview of selected issues 
and trends affecting this part of the globe.
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Table 14.1 Key statistics on boreal forests and their populations.
 Boreal Percent- Popul- Popul- Forest Forest Percent- Forest Boreal
 land  area age of ation in ation area in area per age of area as forest
 (km2) total boreal density boreal capita in total % of sector
  land area  (people/ (mill. ha) boreal (ha/ forest boreal employ-
  in boreal  km2)  person) in boreal land area ment
China
   Heilongjiang 47 000 10 na na na na na na na
   Inner Mongolia 93 300 8 na na na na na na na
Canada 5 446 170 56 3 692 445 0.7 224.0 61 72 41 127 763
   Newfoundland 385 070 96 512 930 1.3 10.7 21 100 28 2 566
   Quebec 1 099 710 72 1 305 828 1.2 59.4 45 81 54 44 045
   Ontario 764 210 71 939 122 1.2 40.0 43 74 52 49 874
   Manitoba 564 070 89 192 411 0.3 18.1 94 95 32 4 395
   Saskatchewan 411 340 63 177 127 0.4 19.5 110 97 47 3 308
   Alberta 452 910 69 441 403 1.0 24.8 56 90 55 17 973
   BC 288 900 31 61 211 0.2 15.6 255 27 54 3 901
   Yukon 475 370 98 28 674 0.1 7.9 276 100 17 na
   Northwest Territories 901 080 70 33 739 0.0 27.3 809 96 30 na
Finland 293 321 97 3 797 347 12.9 19.5 5 98 66 82 000
Iceland 1 340 1,3 293 577 219.1 0.03 0,1 100 23 ..
Kazakhstan 15 000 ~1 na na na na na na ..
mongolia 63 000 4 na na ~1.2 na 12 20 ..
norway 270 752 84 1 321 665 4.9 5.1 4 77 1 18 974
Russia 12 484 890 73 51 781 600 4.1 673.0 13 85 54 732 600
   European Russia 3 458 800 90 13 501 100 3.9 149.8 11 ~50 43 277 200
   Western Siberia 2 341 450 81 20 644 800 8.8 107.9 5 ~100 46 89 000
   Eastern Siberia 5 136 660 71 12 100 700 2.4 335.2 28 ~100 65 267 300
   Russian Far East 1 547 980 50 5 535 000 3.6 105.9 19 ~100 68 99 000
Sweden 306 260 74 3 763 317 12.3 18.0 5 75 55 52 500
uSA – Alaska 656 600 41 146 542 0.2 17.0 116 33 26 na
World 19 678 000  61 104 000 3.1 957.0 15.7  49 1 014 000
na = not available; .. = ~0
Country Notes:
Canada: Statistics Canada, Bogdanski 2008, Natural Resources Canada.
China: Estimates based on approximate area of boreal forest.
Finland: Finish Statistical Yearbook of Forestry 2008; 90% of employment estimated to be dependent on boreal resources.
Iceland: UN country profile (http://www.un.org/esa/earthsummit/icela-cp.htm#chap11) and Statistics Iceland (http://www.statice.is).
Kazakhstan and Mongolia: Estimates based on approximate area of boreal forest.
Norway: Statistics of Norway 2007. Employment estimated using proportion of roundwood sourced from the boreal forest region.
Russia: FAOSTAT and Roshchupkin 2008. Employment estimated using proportion of harvest from boreal region. Total employment 
from Lebedys 2008. Population estimates from Federal State Statistical Service (www.gks.ru).
Sweden: Statistical Yearbook of Forestry 2008. Employment in wood and paper sectors estimated using roundwood sourced from 
boreal region.
United States, Alaska: Halbrook et al. 2009, Wurtz et al.2006, Alaska Department of Labour and Workforce Development.
Boreal forests account for over one-quarter of the 
planet’s forest area (i.e., almost 1 billion hectares), 
are home to several tens of millions of people, and 
provide direct employment to over one million people 
(Table 14.1). Boreal forests are found on three con-
tinents – Asia, Europe, and North America – mostly 
in Russia, Canada, the state of Alaska in the United 
States of America (USA), Finland, and Sweden (Fig-
ure 14.1). Russia accounts for three-quarters of the 
boreal forest zone. Smaller areas of boreal forest are 
present in Norway, Iceland, Kazakhstan, Mongolia, 
and China. All forests in Iceland, Siberia, Yukon 
Territory, Northwest Territories and Newfoundland 
& Labrador are located in the boreal zone; its pro-
portion in other jurisdictions varies from 12% (in 
Mongolia) to 98% (in Finland) (Table 14.1).
This chapter focuses on the “true boreal” zones of 
the world, excluding the hemi-boreal or sub-boreal 
regions that contain temperate tree species or are 
montane outliers discontinuous with the central cir-
14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT
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cumboreal region (Brandt 2009). We include consid-
eration of the northern ecotone with the arctic tundra, 
variously referred to as open taiga or boreal wood-
land, even though this region plays a negligible role 
in forestry. Conversely, it is the southern hemi-boreal 
or sub-boreal regions (which we do not address) that 
experience some of the heaviest concentrations of 
human population, forest industry development, and 
land use pressures. The universal constraints to eco-
system and community persistence at the northern 
limits of tree growth are reviewed, while highlight-
ing important regional differences in development 
history. Current trends and issues associated with 
accelerating demand for boreal resources in an era 
of climate change are discussed. In the globally 
enviable position of expecting largely natural and 
productive landscapes to prevail in the foreseeable 
future, several regions of the circumboreal biome are 
nevertheless in the process of addressing particular 
forest management issues.
14.1.1 Natural History
Much of the boreal region was glaciated during the 
Pleistocene epoch, leaving behind gently rolling ter-
rain with deposits of glacial till or lacustrine sedi-
ments alternating with shallow-soiled uplands and 
rounded rock outcrops. Elsewhere, in much of central 
Siberia (Russia), Alaska (USA), and Yukon (Can-
ada), large portions of the boreal region remained 
unglaciated, though not necessarily forested, and 
served as glacial refugia for many subarctic plant 
and animal species. Uplands are widely characterised 
by poorly developed cambisols or acidic podzols, 
while low-lying areas are dominated by histosols 
and plinthosols (FAO 2003). Poorly drained wetlands 
and organic soils are common, as are widespread 
zones (or isolated pockets) of cryosol or permanently 
frozen soil (permafrost), typically insulated from the 
summer warmth by thick beds of living or partially 
decayed mosses.
The boreal or subarctic climate is defined by cold 
snowy winters without the moderating influence of 
open ocean waters, and a short growing season. 
Walter (1985) suggests that the true boreal zone is 
bracketed by conditions where daily mean tempera-
tures are (on average) greater than 10°C for 30 to 
120 days of the year, and with freezing temperatures 
Photo 14.1. Wild boreal forest in central Quebec, Canada.
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occurring for 6 to 8 months. Although precipitation 
varies strongly across longitudinal gradients, it is 
relatively low, averaging 150 to 450 mm/year (Walter 
1985). Cool temperatures mean that evapotranspira-
tion is low too, so forest soils often remain moist 
and cold, except during conditions of persistent high 
pressure in mid-summer, when air temperatures can 
reach 30°C, the vegetation dries out, and forest fires 
are easily started (Johnson 1992). These forests are 
characterised by relatively few tree species, with the 
same genera dominating both Eurasian and North 
American regions: the conifers Pinus (pines), Pi-
cea (spruces), Abies (firs), and Larix (larches), and 
the more successional broadleaf Populus (poplars, 
cottonwoods, aspens), Betula (birches), Salix (wil-
lows), Alnus (alders), and Sorbus (rowan or moun-
tain ash). All boreal tree species (approximately 15 
in North America and 35 in Siberia [Zasada et al. 
1997], but only 5–7 in Fennoscandia) have relatively 
wide distributions. Their ranges have contracted and 
expanded repeatedly under past climatic changes, 
generally providing them with a large degree of ge-
netic variation and the potential to react successfully 
to environmental changes (Hagman 2003).
Boreal soils typically have a distinct organic layer 
resting on mineral soil: a thin layer on water-shed-
ding sites and a thick layer on water-receiving sites. 
The accumulation of conifer leaves on the forest floor 
reduces the rate of decomposition and results in low 
nutrient levels and acidic soil conditions. The un-
derstorey is dominated by ericaceous dwarf shrubs, 
mosses, and lichens (Huhta et al. 1998) and relatively 
few species of vascular plants. Many boreal spe-
cies have adapted to these harsh conditions through 
symbiotic associations (e.g., mycorrhizae, actinor-
rhizae, lichens), parasitism, and insectivory. Harsh 
conditions and frequent disturbances (in the form 
of fire, insect outbreaks, and wind damage) in these 
landscapes generate abundant dead wood that serves 
as habitat for many specialised species of fauna and 
flora, such as saproxylic insects, woodpeckers, and 
other wood-boring or cavity-dependent animals. 
Some species groups, including most songbirds and 
ungulates, adapt to seasonal variation and large-scale 
disturbance impacts by means of migration.
Slow tree growth produces strong, narrow-ringed 
wood with excellent properties as construction tim-
ber, and uniform fibres suitable for paper-making. 
Though low in annual productivity, large expanses of 
forest result in the circumboreal region holding some 
45% of the world’s growing stock of timber (Kuusela 
1992, Conard and Davidenko 1998). Cool condi-
Figure 14.1. distribution of the circumboreal forest (based on olson et al. 2001).
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tions mean slow decomposition rates and accumula-
tion of an organic layer in mires or bogs (typically 
dominated by Sphagnum mosses) and fens (typically 
dominated by Carex sedges) and on the forest floor. 
Nutrients may be tied up in this organic material 
for a long time, with natural disturbances playing 
an important role in maintaining forest productivity 
and diversity.
Ecosystem recovery after fire is distinct from 
patterns observed after windthrow or insect attack, 
and is characterised by the rapid establishment of 
wind-dispersed or rhizomatous species, such as 
fireweed (Epilobium angustifolium) and reedgrass 
(Calamagrostis spp.). Depending on fire sever-
ity and biogeographic realm, there may also be 
an abundance of seed-banking species (e.g., some 
sedges [Carex spp.], raspberries [Rubus spp.], and 
wild cherries [Prunus spp.]), stump-sprouting wil-
lows (Salix spp.) or root-sprouting aspens (Populus 
tremula or P. tremuloides), and (in North America 
but not in Eurasia) tree seedlings newly germinated 
from seeds released by serotinous or semi-serotinous 
coned species of pine or spruce. As trees grow and 
the canopy closes, many herbaceous and shrubby 
species decline in abundance and a long period of 
moss and lichen growth and forest floor build-up 
follows. Other disturbances may accelerate succes-
sion by releasing understoreys of “dark conifers” 
(shade-tolerant spruces and firs); tall shrubs, such as 
willows and alders, are also effective colonisers and 
grow rapidly in open patches. But there is often little 
floristic succession, and most vascular plant species 
can persist to some extent through all seral stages 
(Carleton and Maycock 1978, Andison and Kimmins 
1999). Where soils are wet and fire is uncommon, 
however, the growth of mosses and ericaceous shrubs 
can, over the course of two or three centuries, pre-
vent self-replacement by conifers (see Photo 14.2), 
while soils become paludified and the site becomes 
less dominated by tree cover (Wardle et al. 2004, 
Fenton et al. 2005).
Boreal soils and peatlands represent an important 
carbon sink at the global level (Schulze et al. 1999, 
Turetsky et al. 2002), and peat can be an important 
resource for energy generation and horticultural use. 
It has been estimated that the boreal region contains 
more than 35% of the terrestrial carbon stocks on 
Earth, most of it in the peatlands that occupy 18% 
of the region (Kasischke et al. 1995). The boreal 
zone is also characterised by large rivers, lakes, and 
wetlands, with more surface freshwater than any 
other biome on Earth. Boreal forests provide im-
portant breeding grounds for many waterfowl and 
songbird species (see Boreal Songbirds Initiative 
2009). Mammal populations may be strongly mi-
gratory on an annual basis (e.g., reindeer or caribou 
[Rangifer tarandus]) or cyclic over longer periods 
(e.g., varying hare [Lepus americanus]). Humans 
and other animals must cope with high populations 
of mosquitoes and black flies during the short sum-
mer season.
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Photo 14.2 organic terrain is widespread in the boreal region.
254
14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT
14.1.2 Boreal Economies
Indigenous peoples across northern North America 
and northern Eurasia share traditions of hunting, fish-
ing, plant-gathering, and trading based on an intimate 
knowledge of the land; herding practices were tradi-
tionally limited to Europe and Asia. Today, over 60 
million people live in the boreal forest region (Table 
14.1), most of whom are concentrated in a relatively 
few southern cities. With the exception of boreal 
Sweden and Finland, population density is very low 
across the circumboreal region relative to the rest 
of the world. People primarily work in mining and 
mineral exploration, oil and gas development, forest 
products harvesting and processing, public admin-
istration, and social services. Relatively few people 
today are dependent on agricultural, hunting, or herd-
ing lifestyles in these regions, and there is increas-
ing diversification into construction, manufacturing, 
retail, and hospitality (tourism) sectors.
Boreal timber resources support over a million 
direct jobs in the forestry and forest products in-
dustries. The contribution of non-timber resources 
to regional boreal economies and the livelihoods of 
boreal forest residents can be as great or greater, 
although exact numbers are unknown and their im-
portance varies regionally within and among nations 
(Kushlin et al. 2004, Erdenechuluun 2006, Wurtz et 
al. 2006, Bogdanski 2008). For many people, the 
forest provides materials for shelter, fuel, and food, 
while supporting other values such as recreation and 
cultural identity. Boreal forests are also the source of 
many rivers that provide fresh water for human and 
industrial consumption, and that power turbines in 
hydroelectric dams that are the source of electricity 
often transmitted long distances to the south. It is 
estimated that the value of ecosystem services (wa-
ter regulation and purification, carbon sequestration, 
bird habitat, non-timber forest products, etc.) pro-
vided by Canada’s boreal forests alone is in the range 
of USD 90 billion per year (Anielski and Wilson 
2005), and the Eurasian boreal forest likely makes 
an even greater contribution.
The annual industrial roundwood harvest from 
the world’s boreal forests is approximately 300 mil-
lion m3, or about 17 % of the global harvest (Table 
14.2). A significant amount of non-industrial round-
wood is also harvested in the boreal region. For some 
boreal regions, such as in much of Russia and those 
Asian countries with some boreal forest, non-indus-
trial roundwood (typically used for fuel) makes up 
a significant share of total wood harvest from the 
forest (Table 14.2).
The forest resources of Canada, Scandinavia, and 
Russia support significant wood and paper industries 
(Table 14.2). Of the world’s boreal regions, Canada’s 
boreal forest supports the largest wood products in-
dustry, while that of Finland supports the largest pa-
per products industry. The boreal timber resources 
of the Asian region and Alaska, while not supporting 
a globally significant forest industry, support small 
and locally important timber and wood products in-
dustries (Kushlin et al. 2004, Erdenechuluun 2006, 
Wurtz et al. 2006).
Most boreal forest lands are publicly owned in 
Russia, Canada, and Kazakhstan; in contrast, about 
70% of the forests in Finland, 76% in Sweden, and 
80% in Norway are under private and corporate own-
ership. All countries have central federal forestry 
agencies, although their departmental affiliations and 
responsibilities differ. Meanwhile, real administra-
tion and management are often in the hands of sub-
national authorities. Compared to many temperate 
forests, vast areas of boreal forest are under rather 
centralised control, and hence lend themselves to in-
tegrated landscape management (see Chapter 22).
14.2 drivers and Challenges to 
Boreal Sustainability
The northern forests of continental North America 
and Asia grow under particularly severe climatic con-
ditions. As a result, most boreal or taiga forests are 
coniferous, dominated by tree species well adapted 
to short growing seasons, severe cold, and low nutri-
ent availability. Much of the boreal “forest” is ac-
tually open woodland and wetlands. For example, 
more than 30% of the forested area of Siberia is 
considered to be of low density, with basal areas only 
30–50% the levels of fully stocked stands. In these 
low-density stands (mostly located in Eastern Siberia 
and the Russian Far East), timber stocking is less 
than 80–100 m3/ha. More than 40% of the Siberian 
forests are growing on poor sites, predominantly in 
the Russian Far East (Sokolov et al. 2003).
Almost 80% of forests located in the Asian part 
of Russia grow on permafrost and long-frozen soils 
(Pozdnyakov 1986). Permafrost is a natural phenom-
enon of global scale; it occupies no less than 25% 
of the Earth’s land area. In Russia alone, the area 
of permafrost (under both forest and tundra) occu-
pies approximately 11.1 million km2, which is about 
65% of the nation’s land area. In North America, the 
area of permafrost is about 7.2 million km2, with 
its southern limits between 52 and 56°N, which is 
much more northerly than its southern limits in Asia, 
where mountainous relief combined with continental 
cold extends permafrost as far south as 44°N (Kon-
ishchev 2001).
In marked contrast to wet tropical forests and 
many of the world’s temperate forests, unmanaged 
boreal forests are largely shaped by stand-replacing 
disturbance regimes, mainly dominated by wild-
fire. The average return intervals of wildfires are 
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Table 14.2 Boreal Forest management and Industry (2004).
 Industrial Sawnwood Panel Pulp Paper and Value added *Wood fuel % of total
 roundwood production products million mt paperboard wood and production harvest
 harvest million m3 production  million mt paper million m3
 million m3  million m3   million uSd
China       211.3 69
   Heilongjiang na na na na na na
   Inner Mongolia na na na na na na
Canada 83.4 28.3 10.7 10.60 8.20 11 316 2.8 1
   Newfoundland 2.4 0.0 .. na na 162
   Quebec 24.5 11.3 2.5 na na 3 441
   Ontario 20.1 7.0 1.8 na na 4 383
   Manitoba 2.1 0.6 0.5 na na 477
   Saskatchewan 6.1 1.2 1.0 na na 537
   Alberta 23.5 8.1 3.2 na na 1 971
   BC 4.6 2.4 1.7 na na 345
   Northwest Territories 0.0 na .. .. .. na
   Yukon 0.0 na .. .. .. na
Finland 52.4 12.2 1.8 11.4 12.6 6 310 5.1 9
Iceland .. .. .. .. .. ..
Kazakhstan na na na na na na 0.2 43
mongolia 0.1 na .. .. .. na 0.7 95
norway 5.4 2.2 0.6 2.4 2.3 1 363 1.4 16
Russia 96 15.8 5.4 4.4 4.9 3 725 47.8 27
   European Russia 36 na na na na na
   Western Siberia 12 na na na na na
   Eastern Siberia 35 na na na na na
   Russian Far East 13 na na na na na
Sweden 46.5 9.9 0.6 8.5 8.1 4 550 5.9 9
united States – Alaska 0.021 0.10 .. .. .. na na na
Country Notes:
Canada: Statistics Canada, Bogdanski 2008. Panel production data from Spelter et al. 2006.
China: Industrial harvest in Inner Mongolia and Heilongjiang 3.8 and 5 million, respectively (Chinese Forestry Statistical Yearbook). 
Amount sourced from boreal region unknown.
Finland: Finish Statistical Yearbook of Forestry 2008; 90% of wood and paper production estimated to be dependent on boreal 
resources.
Iceland: No forest industry.
Kazakhstan: Official industrial roundwood harvest estimate is 270 000 cubic metres (FAOSTAT). Amount sourced from boreal for-
est is unknown.
Mongolia: Erdenechuluun 2006. Official roundwood harvest is 40 000 sawlogs while unofficial is around 650 000. Amount sourced 
from boreal forest is unknown.
Norway: Statistics of Norway 2007. Value added estimated using proportion of roundwood sourced from the boreal forest region.
Russia: FAOSTAT and Roshchupkin(http://www.rosleshoz.gov.ru/english/media/appearance/13.  Cited 08 Jun 2009).  
Industrial roundwood estimates calculated.
Sweden: Statistical Yearbook of Forestry 2008. Value added estimated using proportion of roundwood sourced from boreal forest 
region.
United States, Alaska: Halbrook et al. 2009.
Value added estimated using Lebedys 2008 and estimated share of harvest from boreal. 
Wood fuel production data from FAO. Actual harvest for Kazakhstan, Mongolia and Russia may be signficantly higher due to illegal/
non-reported harvesting.
often not much different from tree ages that forest 
managers would choose for harvesting to maximise 
wood production. This generalisation is often used 
as the basis for even-aged forest management and 
the systematic replacement of natural disturbances 
with the harvesting of trees for economic use. Yet 
there are important regional differences in the natural 
disturbance regime, and the widespread conversion 
of “wild” forests to regulated, even-aged stands is 
resulting in the extirpation of older forests from many 
parts of the boreal region (Box 14.1). Even though 
even-aged, single-species stands exist in wild boreal 
forests, unmanaged forest landscapes nevertheless 
retain important biological legacies (large snags, 
logs, and patches of undisturbed vegetation) and a 
diversity of stand types and ages, including areas 
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Table 14.3 historical fire frequency (% of the area burned per year) and its inverse, the fire 
cycle (years), together with the proportion of forest expected to be older that 100, 200, and 
300 years under a natural fire regime characterised by a negative exponential distribution 
of time since fire for the Canadian boreal ecozones.
 Area historical historical % Area % Area % Area
 (km2) fire  fire expected  expected  expected 
  frequency cycle >100 >200 >300
  (%/yr) (yrs) yrs old yrs old yrs old
Taiga cordillera 267 029 0.20 495 82 67 55
Boreal cordillera 470 502 0.39 255 68 46 31
Taiga plainsa 645 014 0.70 142 49 24 12
Boreal plains 733 170 1.48 68 23 5 1
Taiga shield west 631 679 0.85 118 43 18 8
Boreal shield west 946 260 1.92 52 15 2 <1
Hudson plainsa 374 482 0.12 813 88 78 69
Taiga shield east 758 763 0.60 166 55 30 16
Boreal shield east 931 062 0.77 131 47 22 10
Total 6 148 148   45 24 15
aCurrent fire frequency (last 50 years) was used for these ecozones as no long-term studies were available.
Source: Bergeron and Harper 2009.
Yves Bergeron and Sylvie Gauthier
Although Canada’s boreal forest is dominated by 
relatively young fire-generated even-aged stands, 
a significant proportion of the land base is occu-
pied by old-growth forest due to longer natural fire 
intervals. Some old stands have been relatively un-
disturbed for many centuries, even millennia (Cyr 
et al. 2005). Long fire cycles are not unique to re-
cent historical times but were common during most 
of the Holocene (Flannigan et al. 2001, Cyr et al. 
2009), and old-growth forests can be considered as 
having been a permanent feature of the Canadian 
boreal forest for at least the last 10 000 years.
Old forests in the boreal zone possess unique 
characteristics (such as more structural variation, 
greater compositional diversity, and processes of 
patch and gap dynamics) not observed in younger 
even-aged stands. Current forest management prac-
tices that use relatively short even-aged rotations do 
not reproduce the historical age structure, poten-
tially affecting biodiversity (Bergeron et al. 2002). 
Table 14.3 provides the expected proportions of for-
est greater than 100 years, 200 years, and 300 years 
of age for different ecoregions in boreal Canada, 
according to historical burn rates and random fire 
starts. If managed according to a 100-year industrial 
forest harvest rotation with a uniform age-class dis-
Box 14.1 old growth in the Canadian boreal forest
tribution, between 15% (in the boreal shield west) 
and 47% (in the boreal shield east) of the region 
would not have historical levels of these important 
older forests. These differences, largely driven by 
climate, provide important points of reference as 
templates for forest ecosystem management.
While the forest sector operates on only about 
one-third of the boreal region of Canada (Bogdanski 
2008), this doesn’t mean that surplus quantities of 
old growth exist, because wildfires continue and 
logging is concentrated in the southern ecozones. 
If maintaining or re-establishing the abundance of 
old-growth forest found in pre-industrial landscapes 
becomes an objective, more research would be re-
quired. Better data on stand ages, structural attri-
butes and disturbance history are clearly needed for 
both managed and unmanaged forest landscapes 
across the country. The ongoing research in Canada 
into ecosystem management and the development 
of silvicultural techniques that maintain or restore 
old-growth forest composition, structure and func-
tion at different scales in the landscape is important 
to future options. These techniques generally centre 
around variable rotation lengths, different criteria 
for the selection of tree removals during partial 
cutting, and different patterns of structural reten-
tion (Burton et al. 1999, Bergeron 2004, Bouchard 
2009).
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of old growth. A program of clear-cutting and opti-
mised timber production can bring the composition, 
age structure, and patch structure of a boreal forest 
landscape far outside the limits of natural or histori-
cal variation (Cyr et al. 2009, Kuuluvainen 2009). 
Simply put, forest management needs to take more 
into account than matching a uniform rotation age 
to a mean fire return interval or fire cycle.
At both stand and landscape levels, it is now clear 
that human disturbances are not equivalent to natural 
disturbances (Drapeau et al. 2000, Haeussler and 
Kneeshaw 2003). Road-building, mining, and log-
ging are not necessarily benign just because forest 
fires, pest outbreaks, and windthrow are widespread 
natural processes in the boreal zone. Any forest dis-
turbance has the potential to disrupt some species, or 
even lead to their extirpation, though the widespread 
disturbance-adapted flora and fauna of boreal forests 
makes this danger not as great as it is in tropical 
forests. Indeed, boreal forests require a degree of 
disturbance in order to remain productive, diverse, 
and healthy. Identifying an appropriate balance of 
protection and disturbance at stand and landscape 
levels has emerged as an important challenge for 
boreal foresters.
Despite a century or more of industrial use and 
management in some parts of the world, boreal for-
ests continue to provide people with many essen-
tial goods and services. But boreal ecosystems are 
not insensitive to climate and disturbance severity. 
Where fire or logging intervals are relatively short 
and where silvicultural management is lacking, pine 
and spruce have been replaced with birch, aspen, 
and alder. Conversely, forest management practices 
such as drainage, artificial regeneration, vegetation 
control, and thinning have promoted uniform stands 
of conifers, often resulting a degree of homogeneity 
not found in nature (Jetté et al. 2009).
Life in the world’s northern forests has always 
been a challenge. With climate and soils rarely suit-
able for locally self-sufficient agriculture (which has 
allowed for the growth of large human populations 
elsewhere on the planet), livelihoods in the subarctic 
have largely depended on wild rather than managed 
resources. Trees typically grow slowly, are slow to 
regenerate, and are at risk of mortality from wildfire 
or insects. On the other hand, large areas of land 
under little threat from agriculture, urbanisation or 
commercial forestry sustain some of the world’s last 
remaining wilderness landscapes, in which natural 
food webs and unmanaged disturbance processes 
still prevail. On an increasingly human-populated 
planet, such wilderness areas have growing non-use 
values, in addition to providing ecosystem services 
and opportunities for ecological research and eco-
tourism.
Most of the human population dwelling in the bo-
real is currently concentrated in cities, so large areas 
are characterised by low populations, limited em-
ployment opportunities, and long distances to mar-
kets and centres of commerce (Burton et al. 2003). 
These attributes, coupled with the inherent instability 
of primary industries dependent on export markets, 
perpetually constrain economic viability and stabil-
ity in northern regions (Jovanovic 2003, Beier et al. 
2009). As part of the resource hinterland of larger 
national and global economies, boreal regions have 
long been exporters of furs, timber, tar, electricity, 
and minerals, while often relying on food, finished 
goods, expertise, and investment from the south.
14.2.1 Biodiversity
The remaining large areas of unmanaged wilderness 
are one of the boreal forest’s greatest assets. Intact 
boreal forests are a global refuge for many species. 
Boreal forests are generally poorer in species, genera, 
and families compared to temperate and tropical eco-
systems, probably reflecting levels of solar energy, 
productivity, and environmental patchiness (Black-
burn and Gaston 1996). However, taxonomic work 
and sampling are very incomplete (especially outside 
of Fennoscandia), particularly when it comes to the 
arthropods, fungi, and microorganisms that are very 
abundant in northern forests. It has been estimated 
that the world’s boreal forests contain over 100 000 
species, 95% of which are arthropods and microor-
ganisms, with only some 20% of these taxa identified 
taxonomically (Nilsson 1997). Low species richness 
may reduce both conflicts and options with respect 
to forest management, compared to other parts of the 
world. The concentration of rare or endemic species 
that might be endangered by habitat disruptions (in-
cluding industrial forestry and land use conversions) 
is lower than in temperate or tropical forests. At the 
same time, low tree species diversity can also make 
these forests susceptible to host-specific insect and 
fungal pests, and there are not as many silvicultural 
choices in terms of crop tree species and associated 
silvicultural systems. According to the worldwide 
Red List of threatened species (IUCN 2008), no 
boreal forest species are known to have become ex-
tinct in the recent era, and comparatively few boreal 
forest species are at risk of extinction (Box 14.2). 
However, extirpations (local extinctions) have oc-
curred in heavily exploited areas such as Scandinavia 
(Hanski 2000, Angelstam et al. 2004). The impacts 
of extirpations on ecosystem integrity remain to be 
better understood, although most boreal countries 
have governance policies and processes in place to 
address threatened species.
While threats to boreal biodiversity may be rela-
tively low at the global level, a number of regional 
conservation issues are evident. Vistnes and Nel-
258
14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
14 SuSTAINABILITY OF BOREAL FORESTS AND FORESTRY IN A CHANGING ENVIRONmENT
Brenda J. McAfee
The International Union for Conservation of Na-
ture (IUCN) is responsible for compiling the IUCN 
Red List describing the global conservation status of 
plant and animal species (IUCN 2008). The annual 
list highlights species that are facing a high risk of 
global extinction, based on information supplied by 
a network of thousands of scientific experts from 
around the world. Plant and animal species are as-
signed to one of eight Red List Categories following 
criteria linked to population trend, population size 
and structure, and geographic range (IUCN 2001, 
Mace et al. 2008). This analysis allows compari-
son of biodiversity status at various scales across 
the globe. Each species assessed is assigned to one 
of the following categories: Extinct, Extinct in the 
Wild, Critically Endangered, Endangered, Vulner-
able, Near Threatened, Least Concern, and Data 
Deficient. Species classified as Vulnerable, Endan-
gered, and Critically Endangered are collectively 
regarded as Threatened.
No species from boreal forests have been listed 
as extinct. In 2008, the following eight species (rep-
resenting only 0.14% of the world’s 5704 threatened 
forest-related species) were listed as threatened: Eu-
ropean Bison (Bison bonasus), Kittlitz’s Murrelet 
(Brachyramphus brevirostris), Boreal Felt Lichen 
(Erioderma pedicellatum), Mosor Rock Lizard 
(Lacerta mosorensis), Siberian Musk Deer (Mo-
schus moschiferus), Snow Leopard (Panthera un-
cial), Whitebark Pine (Pinus albicaulis), and Spot-
ted Greenshank (Tringa guttifer). Fewer threatened 
species are found in boreal forests than in the other 
forest types classified by the IUCN. For example, 
on the 2008 Red List, 38 species from temperate 
forests, 257 (4.5%) from subtropical/tropical and 
moist lowland forests, and 3172 from subtropical/
tropical moist montane forests are listed as threat-
ened. However, the IUCN defines boreal forest as 
the forest distributed across the high latitudes of 
the northern hemisphere (occurring between 50° 
Box 14.2 IuCn red-listed species in the boreal forest
and 60°N) in a broad belt across Eurasia and North 
America, and hence is somewhat different than the 
region mapped in Figure 14.1 as defined by floristic 
or climatic criteria, or by individual national forest 
inventory programs. Reporting by ecological zones 
as well as jurisdictions would greatly facilitate ap-
propriate comparisons.
Figure 14.2 shows the change in status of threat-
ened species in the boreal forest from 2002 to 2008. 
The analysis covers this time period to be consistent 
with the new categories and criteria adopted by the 
IUCN in 2001 (IUCN 2001), and excludes some 
species found in the specified latitudinal band but 
not in a boreal region. The number of threatened 
species remained relatively constant, although there 
were some species that moved to a category of high-
er risk during this period. There were also three 
species, Wolverine (Gulo gulo), Pond Bat (Myotis 
dasycneme), and Boreal Toad (Anaxyrus boreas) 
that improved their status and were removed from 
the threatened category.
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Figure 14.2 Change in status of threathened spe-
cies in the boreal forests from 2002 to 2008.
lemann (2007) point out the degree to which wild 
reindeer and woodland caribou are constrained by 
human activities (road development and forest frag-
mentation) in both hemispheres. More than a cen-
tury of population pressures and intensive forestry 
in Norway, Sweden, Finland, and parts of Russia 
have made many forest-dwelling species exceedingly 
rare. The Evaluation of Threatened Species in Fin-
land 2000 (Rassi et al. 2001) recognised 564 species 
found primarily in forest habitats under the IUCN 
categories of critically endangered, endangered, or 
vulnerable, with another 416 forest species listed as 
near-threatened. Forest changes and forestry prac-
tices are identified as the principal threat to these 
organisms, consisting primarily of invertebrates (252 
species), and fungi and lichens (250 species) (Rassi 
et al. 2001). Furthermore, 51 of the 73 forest habitat 
types recognised in Finland have been evaluated as 
threatened (Raunio et al. 2008). A disproportionate 
importance of the boreal forest for bird life in the 
Americas was also demonstrated by Blancher and 
Wells (2005). Their analysis of data compilations on 
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bird species in the boreal forest of North America 
determined that nearly half of all of the North Ameri-
can bird species rely on the boreal forest, and over 
90% of these birds breed in boreal forests. Despite 
low tree species diversity, variation in the frequency 
and severity of fires and other disturbances generates 
much of the boreal habitat diversity (Burton et al. 
2008) that is so important to sustaining many species 
of animal and plant life.
The importance for large areas of relatively un-
touched tracts of boreal forest to function as ecologi-
cal benchmarks and provide a range of ecosystem 
services should not be overlooked in the face of 
global change (Angelstam et al. 2004). Because the 
boreal forest is not considered a hotspot of biodiver-
sity, it has been suggested that insufficient attention 
has been paid to tracking species that are not cur-
rently threatened, but that could become threatened 
(Bradshaw et al. 2009). Kareiva and Marvier (2003) 
point to the importance of conserving these biodiver-
sity “coldspots” as resources for future evolutionary 
innovation.
14.2.2 Forest Management
Boreal forests have been commercially harvested for 
solid wood and pulp-based products for well over 
a century. The dominant forest management model 
practised in northern Europe since the mid-1900s is 
based on the principles and practices articulated a 
century earlier in Germany and other central Euro-
pean countries. Various selective or unregulated har-
vesting systems (deemed unsustainable and leaving 
stands difficult to inventory) were replaced with more 
efficient approaches and even-aged, single-species 
stands destined for clear-cutting after approximately 
100 years. North American foresters have generally 
adopted the same practices for all northern conifer 
forests. More recently, some degree of structural re-
tention (protection of wildlife trees and key habitats) 
has been incorporated into the management regime 
for the purposes of biodiversity conservation (Vanha-
Majamaa and Jalonen 2001, Work et al. 2003). Yet 
while knowledge of alternative harvesting methods 
and forest management models is increasing, their 
uptake remains limited.
Emphasis is generally placed on the harvesting 
and production of conifers for dimensional softwood 
lumber and pulp production, but with increasing use 
of poplars and aspens for pulping and use in engi-
neered wood products such as oriented strand-board 
(Burton et al. 2003). The harvesting and manage-
ment of birch species seems to be much more local 
and less industrially oriented. Large areas of Siberia 
and eastern Canada are left for natural regeneration 
(through release of advance regeneration or by in-
seeding) after forest harvesting, whereas the planting 
of nursery-grown seedlings is more widespread in 
Fennoscandia and western Canada.
Site preparation through the broadcast burning 
of slash used to be common, but is now rare because 
of fire escape risks (and associated liabilities), hu-
man health concerns associated with smoke disper-
sion, efforts to avoid carbon dioxide release, and 
the channelling of waste wood and logging slash 
to bioenergy uses (see Chapter 10 for forests and 
bioenergy production). Mechanical site prepara-
tion prior to planting was very popular in the 1980s 
and 1990s, but now appears to be used much more 
selectively. Mechanical or chemical methods are 
used to control grasses, shrubs, and broadleaf trees 
where necessary to assure free-growing stands of co-
nifers, but intermediate cuttings are standard only in 
Fennoscandia and near populated areas in Russia. In 
general, managed boreal forests support a wide range 
of interventions: from simple exploitation (with little 
consideration for forest renewal) through extensive 
management with only basic silviculture, to intensive 
management characterised by multiple and diverse 
interventions (Lieffers et al. 2003).
Fundamental changes in forest structure and dy-
namics as a result of classical forest management 
have taken place over the past half-century in some 
parts of northern Europe, and are ongoing in Sibe-
ria and Canada today (Cyr et al. 2009, Kuuluvainen 
2009). It seems that the magnitude of this change 
at the landscape level has not generally been rec-
ognised. Research on natural forests as a point of 
reference for evaluating forestry practices only be-
came widespread in the late 1990s, when biodiversity 
became an important issue (Bergeron et al. 1999, 
2002; Korpilahti and Kuuluvainen 2002; Burton et 
al. 2003).
14.2.3 Economics and Trade
One important aspect of the boreal forest industry 
is its heavy reliance on trade due to its large timber 
resources relative to small domestic demand (Table 
14.4). All the boreal countries export a significant 
share of their production. Canada is arguably the 
most dependent on trade, mainly with the USA, but 
all boreal countries are heavily trade-dependent. In 
addition, the Scandinavian and Chinese industries 
are strongly dependent on Russia for their indus-
trial roundwood supply (see Box 14.3; Mutanen et 
al. 2005, Gerasimov and Karjalainen 2009). Thus, 
changes in forest policy in any of these countries can 
have significant impacts not only on their own indus-
tries but on their neighbours and trade partners.
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Each region faces different challenges. For the 
advanced economic areas, such as Canada and Scan-
dinavia, the main challenge is to maintain global 
competitiveness in existing export markets while 
continuing to achieve social and environmental ob-
jectives. Russia, on the other hand, is a region in tran-
sition and aims to double its industry over the next 
10 to 15 years (Bolshakov 2008). Inevitably, such 
an industrial expansion will require improved labour 
productivity and consequent reduced employment 
in the forest industries. Employment reduction in 
some regions will pressure governments to diversify 
their economies. The challenges are very different 
in the commercially marginal lands of the boreal 
regions. The main challenge for these regions is to 
successfully undertake and regulate wood harvest-
ing in such a manner as to provide economic value 
while protecting other socially and environmentally 
significant values. Failure to do so may undermine 
the ability of people in these regions to improve their 
standard of living and sustain their cultures.
With world population growth continuing for 
the foreseeable future, boreal forest resources will 
increasingly be looked upon to provide more wood 
and other materials. These new demands will be from 
local and distant markets. While pressures will dif-
fer across each region of the global boreal forest 
economy, the basic challenge will be the same: how 
to utilise boreal forest resources while maintaining 
or enhancing other forest-related values and con-
tributing positively to local and regional economies. 
Areas capable of supporting compatible values must 
be mapped, trade-offs identified where values are 
not compatible, and in many cases, difficult deci-
sions will have to be made about what constitutes 
the greatest value in broad segments of the boreal 
landscape.
14.2.4 Social Realities
Social expectations and valuations of the world’s 
boreal forests are diverse and often contradictory. On 
the one hand, indigenous peoples in the region (Na-
tive Americans in Alaska, First Nations in Canada, 
the Sami of Fennoscandia, and the “numerically 
small peoples of the North” in Russia) are trying to 
develop a balance of traditional land-based lifestyles 
and integration into modern economies. In recent 
years, the rights of aboriginal peoples have been re-
affirmed in a number of jurisdictions, either through 
court/judicial decisions, or with formal treaties or 
resource management agreements signed in various 
regions across the subarctic, but such arrangements 
are still lacking throughout much of the region (Fon-
dahl and Poelzer 2003). While incorporating modern 
technology (in housing, transportation, communi-
cations, etc.), indigenous peoples typically wish to 
draw upon the resources (e.g., wild game, fish, furs, 
reindeer, berries, fuelwood) of their immediate en-
vironment (Beltrán 2000). At the same time, local 
jobs are needed as communities seek to integrate 
into the cash economy. Employment opportunities 
are typically concentrated in the primary resource 
industries such as logging and mining.
Local communities in the sparsely populated 
northern forests often face trade-offs and internal di-
vision over their commitment to place and traditional 
lifestyles versus the need for a strong wage-based 
economy. Long-time northern residents typically 
share a desire to maintain local forests and waters in 
a wild state for cultural and aesthetic reasons, and for 
recreational and sustenance purposes. Yet these same 
people need wage income to survive in the modern 
world, so resource development is often a welcome 
source of employment. Northern resource-dependent 
communities are not only particularly vulnerable to a 
Table 14.4. Estimated production and exports of wood and paper products derived from 
boreal forests.
 Sawnwood Wood-Based Panels Paper and Paperboard Wood Pulp
 Exports Share Exports Share Exports Share Exports Share
 (mill. m3) of pro- (mill. m3) of pro- (mill. m3) of pro- (mill. m3) of pro-
  duction  duction  duction  duction
Canada 19.09 67 % 8.62 81 % 6.46 79 % 4.61 44 %
Finland 7.41 61 % 1.41 80 % 11.44 91 % 0.33 19 %
Norway 0.48 22 % 0.27 45 % 2.00 87 % 0.62 26 %
Russian Federation 9.29 59 % 1.49 28 % 1.94 40 % 1.17 27 %
Sweden 6.58 67 % 0.17 27 % 7.15 88 % 2.48 29 %
Boreal Total 43.81 64 % 12.25 64 % 28.64 79 % 9.07 33 %
Global Share 33 % 16 % 16 % 8 % 26 % 10 % 21 % 16 %
Source: FAOSTAT, Statistics Canada, Statistics of Norway 2008, Finish Statistical Yearbook of Forestry 2008, Swedish Statistical 
Yearbook of Forestry 2008, and own calculations. Exports values calculated using estimated boreal production shares.
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lack of sustainability on the part of industry or gov-
ernment initiatives (Teitelbaum et al. 2003), but are 
also more exposed to the vagaries of global markets 
and a shifting climate than those which are economi-
cally diversified (Davidson et al. 2003).
So, despite low population densities and little 
land use pressure from agriculture and urbanisation, 
the world’s boreal regions must still achieve a bal-
ance of social, economic and ecological values. As 
elsewhere, this balancing exercise inevitably results 
in some potential for tension within and among com-
munities, and between proponents of greater devel-
opment and those of greater environmental protec-
tion in society at large.
14.3. ongoing Threats and 
Emerging Issues Facing
the Boreal Forest
With large variation by jurisdiction, boreal forests at 
the global level face ongoing threats and emerging 
issues that include poaching, illegal logging, illegal 
settlements, mining and energy development, climate 
change, contamination and pollution, unemployment 
and poverty, unsustainable timber harvesting, uneven 
promotion of forest values, and low public aware-
ness. These issues might be grouped according to 
those related to cumulative impacts and the sustain-
ability of forest values under industrial forest man-
agement, the multiple dimensions of climate change, 
and the viability of northern forest communities and 
lifestyles. Conversely, the sheer expanse of wild sub-
Victor Teplyakov
Since the demise of the Soviet Union, Russia’s for-
est sector exports have been dominated by products 
with low added value. Roundwood exports from 
Russia increased threefold over a period of 15 years, 
from approximately 18 million m3 in 1992, to 54 
million m3 in 2007, making Russia the world’s 
greatest exporter of raw logs. Export policies re-
garding roundwood have now changed. In early 
2007, the Government of the Russian Federation 
implemented a three-stage increase of customs fees 
to be applied to the export of roundwood: 6.5% 
to 20% of the product value applied after July 1, 
2007; then up to 25% applied from April 1, 2008; 
and finally up to 80% of the sale price (but not less 
than 50 Euros/m3) scheduled for January 1, 2009, 
but then postponed until January 1, 2010. On June 
4, 2008, Maxim Medvedkov, Head of the Depart-
ment of Trade Negotiations of the Russian Ministry 
of Economics and Development, announced that 
further consideration of export taxes on raw timber 
will be discussed after resolution of all remaining 
issues related to the Russian Federation joining the 
World Trade Organisation.
The Russian government also has implemented 
other methods to stimulate changes in the structure 
and global competitiveness of its wood products 
sector. It has cancelled export duties on practi-
cally all kinds of processed wood and fibre prod-
ucts, including sawn timber, raw cellulose (wood 
pulp), wood-particle boards, and specific items of 
paper and cardboard. Also, the customs duties for 
importing wood processing equipment have been 
Box 14.3 Recent efforts to promote wood processing in Russia
cancelled. To stimulate the development of wood 
processing in the country, the federal government 
has also implemented some policies favourable to 
industrial development. In 2007, the mechanism 
of “priority investment projects” was developed, 
which included granting preferences to proposed 
projects with total capital investments in forest in-
frastructure and wood processing facilities of >300 
million rubles (7.55 million Euros). If an investment 
project is assigned to the “List of Priority Forest 
Projects,” forest harvesting rights will be awarded 
to the investor without auction, and contractual pay-
ments for forest resources are reduced by 50% until 
the original investment is recouped.
As with many export duties and investment 
incentives applied around the world, the goal of 
these combined measures is to stimulate domestic 
manufacturing. However, the terms and methods 
employed in implementing the new tariff policy 
have put a severe strain on a forest industry centred 
primarily on the harvest and transport of logs. De-
spite the 18-month phase-in period, the domestic 
capacity for wood processing remains unevenly 
distributed and poorly advanced. For example, the 
capacity for timber processing in the Russian Far 
East is no more than 20% of the volume harvested 
from the region. The second phase of duties has 
been quite effective in reducing the levels of timber 
export. For the first six months of 2008, the port of 
Nahodka (in Primorsky Krai) shipped total timber 
cargoes only one-third of that handled during the 
same period in 2007, with raw log shipments down 
to 28% of previous levels.
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arctic forests, with relatively few endangered species 
and some potential benefits from climate change, 
is such that many parts of this region present a real 
opportunity to practice holistic ecosystem manage-
ment and proactive adaptation to a changing envi-
ronment.
14.3.1 Industrial Expansion and
Reform
Based on an assessment conducted over a decade ago 
(Bryant et al. 1997), boreal forests were estimated 
to constitute 48% of the world’s remaining frontier 
forests, defined as “primarily forested, of sufficient 
size to support viable populations of the full range 
of indigenous species associated with that particular 
forest ecosystem, given periodic natural disturbance 
episodes” (WRI 2010). Nevertheless, the boreal for-
est has been exploited and fragmented by man (as a 
result of roads, timber harvesting, pipelines, mineral 
extraction, etc.) over much of its area (Bryant et al. 
1997, Aksenov et al. 2002, Wade et al. 2003). The 
extent of commercially operable or managed for-
est varies considerably among boreal jurisdictions: 
only 35% of the Canadian boreal forest (Bogdanski 
2008), compared to about 76% in Russian (Burton 
et al. 2003) and 90% in Finland (Suvi 2009), for 
instance. Much of that operable landbase outside of 
Fennoscandia continues to be brought under man-
agement for sustained yield production. While large 
portions of the circumboreal region remain beyond 
operable limits for commercial forestry or is pro-
tected, industrial use the world’s northern forests 
remains controversial. The controversy is due to 
perceptions that conservation interests are not being 
met, that resource use practices are not sustainable, 
or that governance structures are failing to balance 
public interests.
Poorly coordinated forestry, mining, petroleum 
and transportation sectors in some boreal landscapes 
are resulting in cumulative impacts that stress eco-
systems more than any one sector alone (MacKen-
drick et al. 2001, Forbes et al. 2004). Negative and 
avoidable effects of multi-sector development have 
been demonstrated on aquatic and forest interior 
habitats, and result in the loss of productive forest 
land base (Ross 2002, Ripley et al. 2005). Schneider 
et al. (2003) illustrate the environmental benefits of 
integrated landscape management, which results in 
reduced development costs as well as mitigated im-
pacts. Governments have recently tried to facilitate 
such coordination (e.g., Osborne 2010).
It is being increasingly argued that ongoing 
threats to biodiversity and non-timber forest values 
reflect, at least in part, a mismatch of the industrial 
model of forest management with the complexity 
and dynamics of unmanaged forests and the mul-
titude of habitat needs that homogenous stands of 
conifers simply cannot meet (Hunter 1990, Linden-
mayer and Franklin 2002, Kuuluvainen 2009). The 
protection of rare species, and the role of forests 
in conservation, are important to northern nations, 
and this importance is expected to increase if the 
decline of biodiversity continues in those forests that 
are used intensively (Hanski 2000, Auvinen et al. 
2007). Reflecting such concerns, there are political 
initiatives to halt the increasing endangerment of rare 
species and habitats in the near future (e.g., the EU 
Countdown 2010 declaration). It has been suggested 
that the current negative association of rare species 
with managed plantations will not be reversed sim-
ply by making superficial modifications to forest 
practices (Kuuluvainen 2009). Rather, radical land 
use changes, coupled with conscious efforts at eco-
system restoration and more ecologically oriented 
forest management at stand and landscape scales, 
may be required if the flora and fauna indigenous to 
many regions of northern Europe are to be protected 
(Angelstam 1998, Kuuluvainen 2002). Conversely, 
knowledge gained from rehabilitating degraded 
forests in Europe may facilitate forest management 
reforms elsewhere.
Since the boreal zone as a whole does not have 
a high concentration of endemic species, and is not 
experiencing excessive loss of habitat, this region 
has not been considered among the world’s biodi-
versity hotspots (Meyers et al. 2000). Nevertheless, 
some conservation biologists have argued for a more 
cost-effective and comprehensive approach to eco-
system protection, guided by the value of ecosystem 
services and proactively addressing the prospect of 
future threats (Kareiva and Marvier 2003, Anielski 
and Wilson 2005, Underwood et al. 2008). By their 
reasoning, more protected areas and more ecologi-
cally sensitive development would be warranted in 
much of the circumboreal region.
As with much of Europe, a long history of in-
tensive forest management in Fennoscandia has 
resulted in drastic reductions in the amount of old 
forest and dead wood (Kuuluvainen 2009). This has 
been reflected in a deficit of native flora and fauna in 
the boreal forests of Norway, Sweden, and Finland 
(Bradshaw et al. 2009, Kuuluvainen 2009). Reduced 
biodiversity in managed, secondary forests is well 
documented for certain classes of fungi (Penttilä et 
al. 2004), cryptograms (Kruys and Jonsson 1999), 
and insects (Martikainen et al. 2000), largely related 
to the paucity of dead wood. Other organisms have 
become rare because of the reduced incidence of 
fire as an agent of natural disturbance, and forest 
structure changes due to forest management (Wikars 
2001). The local extirpation and reduced popula-
tion vigour of some bird and mammal species re-
flect habitat changes (e.g., the loss of large old trees 
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for nesting or denning) and also the loss of interior 
forest refuges as managed landscapes have become 
increasingly fragmented and well roaded (Angelstam 
1998, Rassi et al. 2001). When drastic and relatively 
abrupt changes in forest habitat properties in man-
aged landscapes are combined with the small area 
and often poor quality of protected areas, it is no 
surprise that a biodiversity decline has been observed 
in some jurisdictions (Berg and Tjernberg 1996) and 
is projected to continue (Rassi et al. 2001, Auvinen 
et al. 2007). For example, in Finland 564 forest spe-
cies have been classified as threatened and 62 forest 
species as extinct (Rassi et al. 2001). Consequently, 
efforts to reform forest practices (Puettmann et al. 
2008) and restore forest composition, structure, and 
biodiversity to more natural conditions (Angelstam 
1998, Korpilahti and Kuuluvainen 2002, Vanha-Ma-
jamaa et al. 2007) have become topical themes of 
public discussion in much of northern Europe.
In order to support indigenous biodiversity in 
the working forest, some progress has been made 
in developing guidelines and regulations for leav-
ing more dead wood (both standing and fallen) in 
managed forests (Siitonen and Martikainen 1994, 
Ehnström 2001), but recruitment of large trees to 
serve this purpose in the future remains a challenge. 
Likewise, patches of green trees are often retained 
within large clearcuts (DeLong 2002, Burton et al. 
2006), somewhat mimicking the “skips” of large 
wildfires, to provide structural diversity and some 
habitat continuity over time (Vanha-Majamaa and 
Jalonen 2001, Work et al. 2003). Efforts to integrate 
biodiversity conservation with product-oriented for-
est management continue to play an important role 
in forest research and extension programs in north-
ern regions and around the world (Voller and Har-
rison 1998, Hunter 1999, Lindenmayer and Franklin 
2002). Such efforts often emphasise the emulation 
of natural disturbances (in terms of the retention of 
biological legacies, disturbance patterns and frequen-
cies) as a “coarse filter” approach to integrating the 
conservation of biodiversity and ecosystem processes 
with resource harvesting (Perara et al. 2004, Burton 
et al. 2006, Gauthier et al. 2009). Some forest re-
searchers are further extending the need to restore 
degraded forests by calling for the purposeful de-
sign of forests with high levels of compositional 
and structural complexity (Puettmann et al. 2008) 
–perhaps even beyond those found in nature – as a 
means of enhancing their adaptive capacity in the 
face of an uncertain future.
Other land use impacts cannot emulate natural 
changes. Forest recovery after petroleum exploration 
and development, industrial air pollution, and surface 
mining (see Chapter 13 for extra-sectoral drivers) 
takes several decades (e.g., Gunn et al. 1995, Lee 
and Boutin 2006), or requires investments in land 
remediation and reclamation. Nevertheless, some 
forest lost (e.g., for transportation infrastructure) 
is considered necessary and permanent (Schneider 
2002).
14.3.2 Climate Change
Evidence suggests that direct and indirect climate 
change impacts are likely to be more pronounced at 
high latitudes than in most other parts of the world 
(Christensen et al. 2007). As a result, a rapidly chang-
ing climate is already one of the most pronounced 
agents of change in the arctic and subarctic regions 
of the world. Boreal forests are likely to experience 
increases of 4°C to 5°C in mean annual temperature 
over the next century, although different model and 
scenario combinations generate mean annual tem-
perature increases ranging from 2°C to 8°C (Chris-
tensen et al. 2007). Such changes are expected to 
have profound implications to forest productivity, 
disturbance risks, and land use potential. While at 
first glance, warmer conditions and a longer growing 
season might seem beneficial to subarctic forests, 
suitable soils for enhanced tree growth remain lim-
ited. Furthermore, a warmer climate is also amenable 
to forest pests (see Chapter 7 for forest health in 
a changing environment), forest fires, drought, the 
thawing of permafrost, and competitive displacement 
by species from the south (Stewart et al. 1998, Stocks 
et al. 1998, Volney and Fleming 2000).
Of the projected changes in forest disturbance 
regimes, the potential for increased fire danger has 
received the most attention. To date, research sug-
gests a general increase in area burned and fire occur-
rence (Flannigan et al. 2000). There is a lot of spatial 
variability in these projections, with the greatest im-
pacts projected for Siberia, Alaska, and west-central 
Canada, and with some areas expected to undergo no 
change or even decreases in fire frequency and area 
burned (Stocks et al. 1998). In the eastern Canadian 
boreal forest, predicted increases in burn rate will not 
move ecosystem conditions beyond those encoun-
tered in the past (Bergeron et al. 2010). Fire seasons 
are lengthening for temperate and boreal regions and 
this trend is expected to continue in a warmer world. 
Future trends of fire intensity and severity are dif-
ficult to determine owing to the complex and non-
linear interactions between weather, vegetation and 
people (Flannigan et al. 2009). Such shifts in fire 
regime will not only put human infrastructure and 
commercial timber at risk, but will be expressed as 
shorter fire return intervals, compressed forest age-
class distributions, and net transfers of carbon to the 
atmosphere (Stocks et al. 2008). A recently devel-
oped Canadian Wildland Fire Strategy (CCFM 2005) 
identified a number of emerging vulnerabilities that 
will affect forest fire activity, impacts, and manage-
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Natural disturbances, such as fire and insect pests, 
play an important role in maintaining ecological 
processes in the boreal forest. The spruce budworm 
(Choristoneura fumiferana) is a native defoliating 
insect of this forest, and one of the most important 
forest insects in North America. This insect feeds 
primarily on balsam fir (Abies balsamea) and white 
spruce (Picea glauca) over an extensive range of 
Canada’s boreal forest (Kettela 1983, Figure 14.3). 
As a native insect, spruce budworm is always present 
in the Canadian boreal forest in small numbers, but 
the defoliation it causes during non-outbreak years 
is usually not noticeable. Periodically, however, the 
population reaches epidemic levels and extensive 
damage to trees can occur for several years (Blais 
1985). Damage caused by the spruce budworm is 
of concern to forest managers because of the severe 
losses it inflicts to important timber and non-timber 
resources of the boreal forest. In addition to timber 
volume, budworm defoliation can negatively affect 
biodiversity by altering key attributes of areas set 
aside for nature conservation. However, effects of 
spruce budworm outbreaks can be highly variable 
depending on stand characteristics, location, and 
outbreak intensity (Bouchard et al. 2007). Studies 
in eastern Canada (New Brunswick, Quebec, and 
Ontario) using dendrochronology and defoliation 
maps suggest that spruce budworm populations 
cycle with an average period of 35 years (Royama 
1984, Candau et al. 1998). In north-eastern British 
Columbia, patterns of spruce budworm outbreaks in 
white spruce stands were reconstructed using den-
drochronology and were found to occur on average 
every 26 years (Burleigh et al. 2002).
Despite the large economic losses, recurrence of 
spruce budworm defoliation is not necessarily a sign 
of an unhealthy forest. As a natural component of 
the boreal ecosystem, budworm larvae serve as food 
to birds and small mammals, and ungulate wildlife 
benefit from forage growing in openings created 
by budworm-caused tree mortality. However, it is 
predicted that as the climate warms, there will be 
changes in the severity, frequency, and spatial dis-
tribution of spruce budworm outbreaks (Fleming 
and Volney 1995), which could drastically impact 
natural disturbance regimes of the boreal forest. 
A study on spruce budworm outbreaks in eastern 
Canada predicted future outbreaks to be an average 
of six years longer with 15% greater defoliation 
between 2081 and 2100 (Gray 2008). These impacts 
could not only have adverse effects on Canada’s 
boreal ecosystem and forest products industry, but 
could also reduce the amount of carbon sequestered 
by boreal forests and further contribute to global 
warming in a positive feedback mechanism. Thus, 
forest managers have an opportunity to contribute to 
climate change mitigation by developing strategies 
to keep spruce budworm populations at endemic 
levels, such as maintaining appropriate proportions 
of the broadleaf trees that harbour the budworm’s 
predators and parasites (Campbell et al. 2008). Us-
ing budworm management as a climate mitigation 
option requires decision support systems capable of 
predicting future frequency and intensity of spruce 
budworm outbreaks in a changing environment. 
These tools could guide forest management efforts 
to minimise impacts of spruce budworm defoliation 
and climate change.
Box 14.4 more insect damage to come: the spruce budworm in Canada’s boreal forest
Figure 14.3 historic dis-
tribution (1986–1996) of 
spruce budworm defolia-
tion (modified from Simp-
son and Coy 1999).
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ment in the coming decades. Many of the concerns 
related to increasing risk and vulnerability apply to 
other boreal countries as well. These vulnerabilities 
centre on climate change, forest health, competition 
for the forest land base, expanding communities, and 
fire management capabilities. Adaptation to more 
frequent and severe fire impacts will likely result in 
a gradual reassessment and realignment of protection 
priorities wherein natural fire is likely to be permitted 
over larger areas, while intensive protection efforts 
will focus more narrowly on high-value areas and 
resources (Stocks et al. 2008).
The prospect of a resurgence in the use of pre-
scribed fire (for the maintenance or restoration of 
biological diversity) and anticipated increases in 
natural fires in northern forests presents a dilemma 
in environmental management, for those fires will 
release carbon dioxide from forests rather than keep-
ing carbon sequestered (Kasischke et al. 1995, Amiro 
et al. 2001). There are also concerns about the vul-
nerability of forest communities to any increased 
incidence or extent of forest fires. One widespread 
solution being proposed (though perhaps limited in 
the area of forest it can influence) is to remove flam-
mable fuels from around northern communities to 
reduce the risk of wildfires destroying infrastructure 
and private property, with small-scale processing 
facilities to utilise chipped or pelletised wood for 
the generation of heat or electricity, thereby also re-
ducing some dependencies on petroleum products 
(Chapin et al. 2008).
Warmer temperatures are expected to accelerate 
population growth and range expansion of many for-
est insects and fungal pathogens (Dale et al. 2001, 
Logan et al. 2003), and many such trends are already 
being observed. In western Canada, for example, 
the mountain pine beetle (Dendroctonus ponderosae) 
has broken out of its core sub-boreal and montane 
habitats into the western boreal forest, from which 
it could spread into jack pine (Pinus banksiana) for-
ests across Canada (Nealis and Peter 2008). While a 
regional glut of susceptible host (primarily lodgepole 
pine, P. contorta var. contorta) contributed to the 
outbreak that was growing since the mid-1990s, the 
absence of severe cold for the last several decades 
is largely regarded as having facilitated explosive 
population growth (Safranyik and Wilson 2006). 
Similar outbreaks of spruce beetle (Dendroctonus 
rufipennis) have killed white spruce (Picea glauca) 
in south-western Yukon and its hybrids with Sitka 
spruce (Picea sitchensis) in Alaska (Berg et al. 2006). 
Because the growth and reproduction of many insect 
and fungal pests are strongly responsive to chang-
es in temperature and humidity, projections for a 
number of individual pest species suggest a risk of 
expansion and increased tree mortality in various 
regions of the circumboreal. For example, outbreaks 
of a defoliating Lepidopteran, the spruce budworm 
(Choristoneura fumiferana), are expected to be 
more frequent, more severe, and affect larger areas 
of Canada (Box 14.4). Similarly, Finland is bracing 
for an expansion of root and butt rots in conifers 
due to range expansion and increased virulence of 
Heterobasidion parviporum (Box 14.5). With greater 
frequency and areas of tree mortality due to fire, 
insect outbreaks, and windstorms, more and more 
of the harvested wood supply in many parts of the 
world is now being salvaged from damaged forests, 
a practice that can have additional environmental 
impacts (Lindenmayer et al. 2008).
Surface air temperatures north of 60°N have risen 
1–2°C since the 1960s and 1970s, approximately 
twice the global average rate (McBean et al. 2005). 
Some changes in forest productivity and tree sur-
vivorship have already been observed, especially 
at the margins of the boreal forest. For example, 
considerable mortality of trembling aspen (Populus 
tremuloides) was noted after several dry years and a 
persistent outbreak of forest tent caterpillar (Mala-
cosoma disstria) in the forest-grassland ecotone of 
western Canada (Hogg et al. 2008). In Russia, spruce 
species appear to be undergoing dieback in response 
to the combined impacts of bark beetle outbreaks, 
deterioration of hydrological regimes, and an ap-
parent change in virulence of the fungal pathogens 
Fomitopsis annosa and Armillaria mellea (Teplyakov 
2007). Hinzman et al. (2005) documented a variety of 
observed climate change impacts, including a steady 
advance of the arctic treeline into tundra, lengthening 
growing season, and thermokarst development (soil 
collapse as a result of permafrost thawing) in the bo-
real forests of Alaska. Within the last decade, north-
western North America experienced widespread 
forest fires, with a record 2.7 million ha burned in 
Alaska in 2004 (Stohl et al. 2006), and a doubling 
of annual area burned across the North American 
boreal forest during the last 20 years compared to 
earlier decades (Murphy et al. 2000); similarly, 23 
million ha in Russia burned in the extreme fire year 
of 2003 (Teplyakov 2007).
The polar treeline of Siberian, Soyan, and Ural 
Mountains forests has shifted northward over the past 
50 years, although the treeline has remained stable 
in other regions (Teplyakov 2007). Projections for 
climate-mediated changes over the next century are 
even more dramatic. For example, models of vegeta-
tion response to the Hadley general circulation model 
(GCM) and moderate scenarios for economic trends 
suggest that northern treeline boundaries with the 
tundra biome will advance an average of 175 km by 
the 2090s, ranging from about 50 km (in the Mack-
enzie and Lena River drainages and western Europe) 
to about 450 km into Greenland (Kaplan et al. 2003). 
Over the same period of time, climate suitable for 
hemi-boreal and temperate forests is projected to 
expand into current boreal terrain, such that the over-
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Historically, the climate in Finland has consisted of 
four distinct seasons. As climatic change is expected 
to increase average temperatures, winters charac-
terised by freezing air temperatures and snow cover 
will decrease; summer conditions are expected to 
persist longer in the year. In addition, rainfall dur-
ing the autumn, winter, and spring is consistently 
expected to increase. However, projections regard-
ing summer rainfall are less certain: precipitation 
may either increase or decrease, depending on the 
model and scenario.
In Finland, Heterobasidion parviporum is eco-
nomically the most important tree disease, causing 
root rot and butt rot in mature conifers (Tamminen 
1985). Its distribution in the country is primarily 
southern, and the fungus is only rarely observed in 
the northern parts of the country. The reasons for 
the southern distribution of H. parviporum are not 
clear. It could be due to (a) the climatic demands 
of the fungus, (b) the soil type, which in northern 
parts of the country is dominated by peatlands com-
pared to mineral soils in south, or (c) simply due to 
the short history of intensive forest utilisation and 
management in northern Finland.
The spread of the H. parviporum to new for-
est sites is based on spore dispersal to fresh stump 
surfaces during the summer (phase I), after which 
the disease moves through the root systems to neigh-
bouring trees (phase II). Phase I of the disease can 
be controlled by the timing of cuttings (as no spore 
dispersal occurs in winter), or, in the summer, stump 
surfaces can be protected by biological or chemi-
cal deterrents. Removal of stumps from the cutting 
area will also decrease infection by spores (Piri 
2003), although this method can be expensive and 
contributes to the loss of dead wood from the for-
est ecosystem. Control of phase II Heterobasidion 
spread is more problematic. Tree species rotation 
(i.e., growing hardwood species instead of coni-
fers) would be effective in limiting the spread of H. 
parviporum (Piri 2003), but the grazing of moose 
(Alces alces) often causes considerable damage, and 
therefore forest owners are not interested in hard-
wood plantations. The desirability of alternating tree 
crops is also constrained by the lower value land 
owners can expect from the sale of hardwood logs 
compared to conifer logs.
Climate change is expected to affect H. parvipo-
rum in several different ways. A shortening of the 
winter season will increase harvest operations in the 
summer, when infection by spores can occur. Also, 
more damage is caused by machinery as tree roots 
are less protected by snow and frozen ground. Both 
of these factors create more dispersal routes for H. 
parviporum, which simultaneously is expected to 
have a longer spore production season and acceler-
ated mycelial growth rates. Both mycelial growth 
and spore production are partially temperature-
dependent, so the warming and lengthening of 
the summer season will increase the spread and 
virulence of H. parviporum. This may be partially 
compensated for by accelerated growth rates for 
some tree species on some sites, which could lead 
to reduced rotation times and a reduced chance of 
fungal infection at fatal levels.
Finally, wind storms are expected to increase 
in Finland with climatic warming. Forest suscep-
tibility to damage will be directly connected to the 
extent of root rot and butt rot, as trees with decayed 
root systems are more susceptible to wind throw 
than healthy ones. Blowdown of diseased trees will 
create openings in the forest, and allow strong winds 
later to bring down nearby healthy trees as well. 
Further, this will have a direct effect on the spread 
of H. parviporum, as the fungus can use stumps left 
from wind throw to start new infections. This, in 
turn, increases the susceptibility of forest trees to 
strong winds, inducing a positive feedback system 
of increasing damage.
Overall, most of the effects of the expected cli-
matic change in Finland seem to benefit H. parvi-
porum species if no preventive human actions are 
taken. In order to block the resulting forest dete-
rioration, forest owners should be motivated to use 
the control actions already available to retard the 
spread of the fungus. Furthermore, the research and 
innovation sector should be supported in its efforts 
to develop novel means to remove the disease from 
already contaminated growing sites.
Box 14.5 Heterobasidion parviporum in Finland: expectations for climatic change
all area of boreal climate in Russia is expected to 
decline by 19% (Krankina et al. 1997). A linear trend 
analysis suggests that ice roads (built over lakes, 
bogs and mires, as well as solid ground) in Canada’s 
Northwest Territories, which now provide an average 
65-day period of safe travel, will only support an 
average of 54 days of safe travel per year by 2020 
(McGregor et al. 2008). Sub-arctic ponds have been 
decreasing in area, apparently as a result of increased 
evaporation rates associated with warmer tempera-
tures (Riordan et al. 2006). Other examples include 
reduced growth rates of white spruce in some parts of 
Alaska, apparently as a result of heat stress (Barber 
et al. 2000), although improved growth and treeline 
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advancement might be expected in eastern Canada, 
where moisture is less limiting. Across boreal North 
America, the trend of satellite-sensed photosynthesis 
rates since 1982 has been largely negative (Goetz et 
al. 2005). All of these trends are expected to continue 
and intensify over the course of the 21st century (see 
Section 2.2.2 for the impacts of climate change on 
the world´s forests).
14.3.3 Forest Ecosystem Management 
in Canada
At the end of the last century, the Canadian Coun-
cil of Forest Ministers embraced a commitment 
to sustainable forest management (SFM) (CCFM 
1995), reflecting the growing adoption of legisla-
tion and policies that promoted broader concepts of 
sustainable forestry (e.g., BCMF 1995). Since then, 
several Canadian jurisdictions (e.g., OMNR 2001, 
QMNF 2009) have actively promoted the emula-
tion of natural disturbances as a guiding principle 
in forest management. There is an increasing will to 
modernise the traditional forest management model 
and to ensure that ecosystem management is at the 
centre of public forest management. Despite the 
interest in ecosystem-based management and some 
experimental implementation, its practical aspects 
are not fully developed, and it plays a limited role to 
date in the managed forests in Canada’s boreal zone 
(Gauthier et al. 2009).
Ecosystem-based forest management is based on 
sound knowledge of natural forest dynamics. Forest 
dynamics are characterised by long-term disturbance 
regimes (various combinations and severity of fire, 
wind, insect outbreaks, etc.) and by stand structure 
and composition changes following these distur-
bances. Development and implementation of man-
agement strategies based on natural forest dynam-
ics include several steps and options, including the 
determination of a regionally appropriate age class 
distribution (Box 14.1), forest composition, internal 
stand structure, spatial configuration at stand and 
landscape levels, maintenance of soil productivity, 
and the protection of key biotopes and microhabitats 
(Gauthier et al. 2009).
One of the main ecosystem management ob-
jectives is to ensure that forestry allows for some 
variability within a system’s natural historical range 
of variation. In recent years, observed differences 
between natural landscapes and those generated by 
forestry led to the identification of critical differ-
ences between natural disturbance regimes and forest 
management regimes (Cyr et al. 2009, Jetté et al. 
2009). Important issues for biodiversity preserva-
tion were identified, for instance, in Eastern Canada 
and Fennoscandia, such as the loss of mature and 
old-growth forests that dominated in natural forest 
landscapes, the loss of large forest landscapes to in-
creased landscape fragmentation, low levels of green 
tree and structural retention within managed areas 
compared with naturally disturbed landscapes, and 
the absence of fire as a catalyst for nutrient recycling 
in some regions (Gluck and Rempel 1996, Angelstam 
1998, Imbeau et al. 2001). To address these differ-
ences, various practices have been proposed, such as 
aggregating and increasing spacing between cutting 
areas in order to maintain larger areas of continuous 
forest, increasing retention in cutblock layout and 
in vegetation control, variable rotation lengths, and 
using soil scarification and controlled burning for 
site preparation and ecological restoration (Bergeron 
et al. 1999, Spence 2001, DeLong 2002, Hauessler 
and Kneeshaw 2003, Angelstam and Kuuluvainen 
2004). Unfortunately, few statistics are compiled 
and reported on the extent to which these alterna-
tive practices have been adopted.
There are some problems impeding the practical 
development and implementation of ecosystem man-
agement concepts in the world’s boreal forests:
(1) the need for detailed spatially explicit data on 
ecosystem (soil, biota, climate) and natural dis-
turbance regime (event size, frequency, selectiv-
ity, severity) attributes, rarely available on an 
operational basis or over large areas;
(2) large management areas and high labour costs 
result in a standard mid-intensity approach (i.e., 
clearcut logging, which translates to high dis-
turbance intensity at the canopy level, coupled 
with forest practices guidelines and widespread 
winter logging that promote low disturbance 
intensity at the soil level) being applied to the 
whole territory rather than practices being well 
adapted to local ecosystem particularities;
(3) a small number of forest specialists having ex-
perience with uneven-aged silviculture, variable 
retention and other partial cutting methods suit-
able for application in boreal forests, or whose 
training is sufficiently appropriate to guide man-
agement based on local ecosystem dynamics; 
and
(4) reluctance on the part of regulatory agencies and 
environmental groups to accept large clearcuts 
(with variable levels and configurations of re-
tention) that more closely match the scale and 
variability of natural forest fires.
There are three pilot projects in Quebec where formal 
implementation of the ecosystem management ap-
proach is ongoing: the Tembec project (Belleau and 
Légaré 2009), the Triad Project in central Québec, 
and the Laurentian Wildlife Reserve project. The 
Triad Project has been underway in the Haute-Mau-
ricie region since 2003. Initiated by a multi-sectoral 
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table in the Mauricie and coordinated by the forest 
industry (AbitibiBowater), this pilot project aims to 
apply the concept of triad zoning, i.e., spatially or-
ganising forest management activities according to 
three alternative priorities so that different portions 
of the forest are dedicated mainly to 1) wood or 
fibre production, 2) ecosystem management, and 3) 
conservation. Further details on this approach are 
provided in Chapter 22.
Another project in the Laurentian Wildlife Re-
serve, managed by the Ministère des Ressources 
Naturelles du Québec (MNRF), aims to develop 
an adaptive forest management approach that uses 
forest ecosystem management as a reference point 
(Leduc et al. 2009). To date, the main differences 
between natural and managed landscapes have been 
identified and strategies to minimise these differ-
ences have been presented for preliminary public 
consultation. Moreover, diverse silvicultural trials 
have been established. The Tembec project has pro-
duced its first ecosystem management plan (Belleau 
and Légaré 2009). Since 2007, two strategies have 
been tried operationally before their large-scale ap-
plication: 1) the implementation of a logging area 
trial where one of the harvesting treatments aims to 
maintain residual forest; and 2) trials using adapted 
silvicultural practices that aim to conserve the cover 
and attributes of old-growth forests. For each trial 
conducted in the area, a direct follow-up with re-
gard to costs, outputs, and environmental impacts is 
made. The achievement of the initial objectives will 
also be evaluated and strategies adjusted so that the 
global strategy more fully addresses the landscape 
management issues of the forest management unit. 
An analogous large-scale EBM-inspired trial can be 
found in western Canada at the >1000-ha EMEND 
research site in north-western Alberta (Work et al. 
2004; see EMEND 2006).
In other locations across Canada, several forestry 
companies have begun to integrate forest ecosystem 
management principles into harvest planning. For in-
stance, Tembec in Ontario (see Tembec 2010), Mys-
tik Management Ltd. in Saskatchewan (see Mistik 
2010), and Alberta-Pacific Forest Industries Inc. in 
Alberta (see Al-Pac 2010) have implemented strate-
gies inspired by natural disturbances in their forest 
management planning. In much of British Columbia, 
the use of clear-cutting with reserves, snag retention, 
and cutblock aggregation have become standard op-
erating procedures (DeLong 2002, Work et al. 2003). 
Numerous advantages, including improved potential 
for forest certification, ensure that companies have 
much to gain by integrating an ecosystem manage-
ment approach into their planning and operations.
14.3.4 Different Management 
Imperatives Where Commercial 
Forestry Does Not Prevail
Forest ecosystem management takes on different 
forms in different parts of the circumboreal forest, 
reflecting regional ecologies and economies. Alaska, 
for example, is a distinctive part of the North Ameri-
ca boreal forest region from biophysical, ecological, 
and socioeconomic standpoints. Interior valleys ex-
perience persistent cold air inversions and are usu-
ally permafrost-dominated black spruce woodland 
or stunted forest, while low elevation sites on the 
floodplain terraces of major rivers and slopes near 
major rivers covered with thick loess deposits sup-
port productive forests. Because of this landscape 
heterogeneity, few parts of boreal Alaska support 
unbroken forest canopy. Alaska supports numerous 
plant and animal species not found elsewhere in the 
Americas, in part due to its biogeographic history as 
an ice-free refugium during the Pleistocene and its 
proximity to Asia. Alaska has become widely known 
for its wildlife and scenery, and the large established 
parks, refuges, and wilderness areas are assets for 
tourism, scientific study, and provisioning traditional 
users in their homeland.
As in the neighbouring Yukon and Northwest Ter-
ritories, and in much of northern Ontario and Que-
bec in Canada, the sporadic, isolated occurrence of 
productive forest sites in interior Alaska has been a 
significant disincentive to investments (road access, 
processing facilities, etc.) required for large-scale 
commercial timber production. In the boreal zone 
of Alaska, the area of forest totals 46–66 million ha 
(as variously defined), of which only about 12% is 
of potential commercial value. The largest national 
parks and national wildlife refuges in the USA occur 
in Alaska. The proportion of protected forest land is 
higher in Alaska (about 40%) than anywhere else in 
the boreal region (Juday 1997). At least 25% of Alas-
ka’s most productive boreal timberland is reserved by 
law from forest harvest (Labau and Van Hess 1990). 
No single goal of management dominates the use of 
the Alaskan boreal forest, notably not commercial 
timber harvesting and production.
Natural disturbances, particularly insect-caused 
tree death or defoliation and wildland fire, and not 
forest management, overwhelmingly predominate 
in non-commercial boreal forests around the world. 
Large wildland fires are a regular feature of summers 
in interior Alaska, and the last decade has included 
several years of more than 1 million ha burned. Nearly 
two-thirds of interior Alaska is maintained under an 
essentially natural fire regime of negligible suppres-
sion activity, many large lightning-caused fires, and 
few human ignitions. About 17% of interior Alaska 
is zoned for fire suppression because of the presence 
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of communities and roads, and this suppression effort 
has been demonstrated to have effectively achieved 
a 50% reduction in the proportion of area burned 
from 1992 through 2001, compared to areas with-
out suppression (DeWilde and Chapin 2007). The 
remaining 16% of land receives some suppression 
and experiences an intermediate fire regime.
There is a small-scale wood industry in Alaska, 
but the volume of wood needed to supply it can be 
met with a very small fraction of the allowable har-
vest. This has created a unique situation in which 
most Alaska residents live in a forested environment, 
but are not dependent on timber harvesting for their 
livelihood, and many see industrial harvesting as 
contrary to their interests. As a result, there is no 
consensus to expand forest harvest nor to establish 
or expand forest products processing in Alaska. How-
ever, there is a working consensus that the high cost 
of energy in rural Alaska, especially where petroleum 
or major hydroelectric systems are not practical, rep-
resents a potential application for renewable biomass 
energy facilities and forest management programs 
to feed them. Similar community-centred initiatives 
are under way in Yukon and the Northwest Territo-
ries; this means that many areas of taiga, considered 
commercially inoperable a decade ago, may soon be 
brought under management, with employment op-
portunities in woodland and processing operations.
The philosophy of environmental protection 
found in Alaska can also create cumbersome review 
and approval processes that can, for example, pose 
significant challenges for even widely supported 
goals and projects such as renewable energy facili-
ties. But looming as a question over all activities and 
future plans is the scale and pace of climate change 
effects that are already evident and that are expected 
to continue. For example, the apparent drying of 
wetlands across nearly all of Alaska (Riordan et al. 
2006) appears to interfere seriously with benefits of 
a network of wildlife refuges. Efforts at develop-
ing alternative economic activities in Alaska, and 
throughout the circumboreal region, seem particu-
larly sensitive to the state of the world economy, the 
price of petroleum, and the vagaries of climate.
14.3.5 The Boreal Position in 
the Global Economy
The future of forest product industries in the bo-
real region is uncertain and varied. One possible 
driver of change may be global efforts to constrain 
greenhouse gas concentrations in the atmosphere. 
A carbon-constrained world will challenge forest 
managers to rebalance management priorities and 
still achieve SFM goals. If climate change mitigation 
policies are fully adopted worldwide, this will pro-
vide an incentive to maintain and enhance biological 
carbon stocks on the one hand, but (in the drive to 
use renewable rather than petroleum-based energy 
and raw materials) increase demand for wood and 
fibre products on the other. The net effect on the 
boreal forest industries is not clear. Not knowing 
the exact rules of a future global climate mitigation 
framework or to what extent increased demand for 
wood products will be met by supply in non-boreal 
regions means the future structure and size of boreal 
forest industries is particularly uncertain.
14.4. Social, Economic, and 
Institutional Trends
There is considerable geographic variation in the 
development opportunities and challenges faced by 
boreal forests and boreal communities, and in their 
ability to absorb expected changes. Fennoscandia 
is embarking on modest programs of biodiversity 
conservation and forest restoration, supported by a 
strong infrastructure and community capacity. North 
American boreal forests remain largely intact, with 
strong regulatory frameworks, and economically 
and socially sustainable communities in place, but 
with the prospect of massive resource developments. 
Northern Russia still seems to be coping with prob-
lems of under-regulated industrial impacts coupled 
with social problems (Forbes et al. 2004).
A recent component of the social equation af-
fecting public demands and expectations associated 
with boreal forests is the focused attention of many 
international environmental non-governmental or-
ganizations (ENGOs). These recent environmental 
protection efforts highlight wilderness values and 
ecosystem services as much as conservation of bio-
diversity. For example, the Canadian Boreal Initiative 
(Canadian Boreal Initiative 2010) was launched in 
2003 with considerable underwriting from the Pew 
Foundation based in the USA; it has mobilised in-
dustry, other ENGOs, and public opinion to promote 
the designation of protected areas and sustainable 
resource management. Even while other parts of 
Canada’s boreal forest are still being brought under 
industrial development for timber production or other 
primary resources (e.g., Schneider 2002), Canadian 
governments have subsequently expanded protection 
for wild boreal landscapes. In July 2008, the govern-
ment of Ontario announced its intention to protect 
225 000 km2 under its “Far North Planning Initia-
tive.” In March 2009, the government of Québec 
announced that it would be doubling its protected 
areas network to 8.12% of the land area, with the goal 
of protecting 12% by 2015, primarily through addi-
tions in boreal and subarctic regions. In June 2009, 
the Canadian federal government and the Dehcho 
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First Nation jointly announced legislation to increase 
the area of Nahanni National Park (Northwest Ter-
ritories) by more than six times. Global Forest Watch 
Russia (Global Forest Watch 2010) and Greenpeace 
Russia (Greenpeace Russia 2010) are active in rais-
ing greater awareness of Russia’s forest resources 
and sustainable forest management issues. However, 
there has been little protection offered to wild forest 
landscapes in Russia over the last 15 years.
Indigenous peoples across the boreal forest have 
formed alliances with ENGOs and have joined them 
in various campaigns for wilderness protection and 
improved forestry standards (Holmes 2003). There 
has also been progress in reconciling their needs for 
sustainable access to both subsistence resources and 
to good jobs, primarily by means of joint ventures 
and co-management agreements between forest com-
panies and First Nations (Natcher 2008).
14.4.1 Enforcement and Encourage-
ment of Higher Forestry Standards
There is some debate in many boreal countries on 
whether current timber harvesting levels (including 
the illegal logging that occurs in some jurisdictions) 
are justifiable in the light of environmental goals, 
biodiversity protection, and principles of SFM. A 
consciously non-renewable approach to timber har-
vesting is rare today, but has been problematic in 
the past in regions where governance structure or 
oversight was poor or where forest growth and re-
newal were poorly understood. Illegal logging, in 
particular, can compromise local and regional con-
servation plans, sustainability of the timber supply, 
and the generation of government revenues. A Eu-
rope and Northern Asia Forest Law Enforcement and 
Governance (ENA FLEG) Ministerial Conference 
in 2005 addressed some of these issues. The Rus-
sian government adopted a national action plan to 
combat illegal logging and promote more domestic 
processing of wood products (Box 14.3). The Rus-
sian Federal Forestry Agency was assigned to follow 
this plan and introduce a monitoring system over 
the vast area of Siberia and the Russian Far East 
using aerial surveys and ground labelling in sup-
port of certification schemes, among other means. 
Climate change is another significant issue affect-
ing the projected sustainability of timber supplies in 
many boreal jurisdictions because losses due to the 
incidence, severity, and extent of pests and wildfire 
could be unpredictably high.
There are positive trends in boreal forest manage-
ment, including the development of new approaches 
to forest management based on participation of in-
terested parties in decision-making, landscape-level 
planning, community-based forest management, and 
partnerships between industrial and aboriginal organ-
isations (Burton et al. 2006, Teplyakov 2006). The 
Model Forest concept, initiated in Canada in 1990 
and since extended to 17 countries, promotes innova-
tive and exemplary community-based approaches to 
SFM (see IMFN 2008). Many countries are review-
ing national forest policies towards sustainable forest 
use (e.g., national action plans against illegal logging 
within the ENA FLEG Ministerial process), are intro-
ducing principles of forest ethics, and are developing 
and implementing best management practices to shift 
towards the protection of ecological values (Saint-
Laurent et al. 2005).
The last decade has seen global expansion of the 
use of third-party forest certification to demonstrate 
to markets that wood and paper products are being 
produced from sustainably managed forests. Many 
northern forest products companies and jurisdic-
tions have joined the certification movement to be 
competitive in the international arena. In Europe, 
the most widespread forest certification takes place 
under the Pan-European Forest Certification (PEFC) 
Sustainability Benchmark and the Forest Steward-
ship Council (FSC) system. In North America, the 
USA-led Sustainable Forestry Initiative (SFI), and 
the Canadian Standards Association (CSA) have cer-
tified much of the timber production lands of boreal 
and sub-boreal Canada. For more information on 
the certification of forests and forest products, see 
Section 23.5.1 and MetaFore (2007).
Russia has recently made progress in integrating 
the principles of planning and sustainability into its 
forest policies and practices. Russian forest policy 
has been characterised by a tension between cen-
tralised vs. local authority, and the reassertion of 
administrative and professional control after almost 
two decades of poorly regulated forest exploitation 
after collapse of the Soviet Union. Upon adoption of 
the Forest Code of the Russian Federation in 2006, 
a period of decentralisation began, which has its ad-
vantages and disadvantages. The emerging trends 
and challenges in Russian forest administration and 
management consist of:
◆ a more decentralised system of forest manage-
ment;
◆ an expanded list of forest types considered suit-
able for timber utilisation;
◆ more opportunity to use forest lands for infra-
structure development and mining;
◆ the identification of priority investment areas to 
promote forest utilisation; and
◆ preparation for the introduction of long-term for-
est tenures (leases).
The new Forest Code of the Russian Federation, in ef-
fect since January 1, 2007, became fully operational 
in 2009; it consists of more than 60 legal instruments 
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altogether. To date, there have been six amendments 
to the Code, most recently in March 2009. The sys-
tem of forest management has been fundamentally 
changed. In the near future, it is supposed to resolve 
issues concerning new regulations for final and in-
termediate harvesting, the role of green zones near 
settlements, the designation of protection forests, and 
so on. It is proposed that about 16 decisions or orders 
of the Government of the Russian Federation need 
to be passed, and about 30 supporting documents 
of the Russian Ministry of Agriculture remain to be 
adopted in order to complete the bylaws to the Forest 
Code (Giryaev 2009).
14.4.2 Climate Change Adaptation 
and Sustainable Forest Management
While there is considerable research documenting 
current and projected impacts of climate change on 
the boreal forest, discussion on how, when, and where 
to adapt boreal forest management to climate change 
is relatively limited. Adaptation seeks to reduce or 
moderate risks associated with climate change and 
is important in the boreal forest for three reasons: 
1) climate change is already occurring in this region 
and is having an impact on forest ecosystems and 
forest-dependent communities; 2) even with aggres-
sive measures to control greenhouse gas emissions, 
current atmospheric concentrations of carbon diox-
ide mean that warming will continue regardless; and 
3) proactive approaches to adaptation are more likely 
to avoid or reduce negative consequences of climate 
change than are reactive responses.
Forest management can reduce vulnerability to 
climate change by increasing resilience and enhanc-
ing adaptive capacity, but climate change, in turn, will 
complicate the ability to achieve SFM (Innes et al. 
2009, Seppälä et al. 2009). While the scale and scope 
of climate change effects on forest ecosystems are 
not fully appreciated, the reality of climate change 
poses some basic questions about our fundamental 
management paradigms. Can sustainability be as-
sured or even aimed for under changing conditions 
and a newly uncertain future? Is strong sustainability 
(i.e., the sustained protection or production, at some 
level, of all current values; Neumayer 2003) an ap-
propriate goal for forest management? Regardless, 
the principles and practices of SFM embody many 
of the activities that will be required to respond to 
the effects of climate change on forests (Spittlehouse 
and Stewart 2003, Ogden and Innes 2007). Failure 
to implement SFM limits the capacity of forests and 
forest-dependent people to adapt to climate change. 
To meet the challenges of adaptation, ongoing com-
mitment to achieving the internationally recognised 
goals of SFM for the boreal forest is needed at all 
levels (Hall 2001, Seppälä et al. 2009).
A logical starting point for climate change adap-
tation in the forest sector is to proactively identify 
management practices and policies that have a higher 
likelihood of achieving management objectives across 
a wide range of potential climate futures (Ogden and 
Innes 2007, 2008); one small example is provided 
in Box 14.6. Another example is the implementation 
of policies for the facilitated migration of tree spe-
cies and seed lots (Krankina et al. 1997, McKenney 
et al. 2009). Such policies are being designed in a 
“no regrets” context (Heltberg et al. 2009) so that 
results will be satisfactory regardless of whether or 
not climate changes unfold as predicted (Table 14.5). 
Because of the uncertainties involved, such programs 
must include monitoring of their effectiveness in an 
adaptive management context.
An effective policy for climate change adaptation 
must be responsive to multiple objectives. This is 
particularly true for the boreal forest sector, where 
socioeconomic and environmental systems are intri-
cately linked. Adaptation strategies are more likely to 
be successful if they are mainstreamed into existing 
decision-making processes (Ford et al. 2006), and 
if they are developed by local actors who are more 
likely to ensure their consistency with local priorities, 
norms, goals, and institutions (Lim and Spanger-
Siegfried 2005, Chapin et al. 2006).
The diversity of forest conditions, climate change 
impacts and vulnerabilities, and management objec-
tives across the boreal, and the uncertainties involved 
in making projections about how climate will change 
at a particular location, make it unfeasible to provide 
prescriptive recommendations for how to adapt for-
est management practices and policies. Since there 
is no universally applicable measure for adapting to 
climate change, boreal forest managers should have 
sufficient flexibility to deploy the adaptation mea-
sures that are most appropriate for their local situ-
ations (Innes et al. 2009, Seppälä et al. 2009). This 
flexibility is typically expressed through the dual 
promotion of diversity and adaptive management: 
(1) diversification of crop trees, stand structures, 
silvicultural practices, saleable goods and services 
from the forest, wood products, and markets; and 
(2) monitoring mechanisms to evaluate the ongoing 
suitability of forest practices and policies, coupled 
with receptivity to make adjustments in response to 
new realities.
Krankina et al. (1997) recommend a set of adap-
tive measures for Russian forest management, which 
can be considered widely applicable. These include: 
(1) greater use of artificial reforestation and affores-
tation to facilitate northward migration of species and 
provenances; (2) silvicultural measures to influence 
the species mix of stands and to maintain productiv-
ity under future climates; (3) identifying forests at 
risk (from climatic stress, pests, or fire) and devel-
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There is accumulating evidence that climate change 
is having an impact on forests and forest-dependent 
communities in the Champagne-Aishihik Tradition-
al Territory of south-western Yukon. This region, 
characterised by large tracts of mature white spruce 
(Picea glauca), has experienced the largest and most 
intense recorded outbreak of spruce beetle (Den-
droctonus rufipennis) in Canada. Climate conditions 
have played a critical role in increasing the popula-
tion of beetles to epidemic levels and weakening the 
defences of the spruce trees. Widespread mortality 
of white spruce has led to the loss of merchantable 
timber, significant changes to the regional ecology, 
increased flammability and extent of forest fuels, 
and heightened vulnerability to wildfire.
The beetle infestation has driven forest man-
agement and planning in this region since the mid-
1990s. In November 2004, the Government of Yukon 
and the Champagne-Aishihik First Nation approved 
the first community-directed strategic forest man-
agement plan in the Yukon that identifies reduction 
of fire hazard, forest renewal, economic benefits, 
and preservation of wildlife habitat as forest man-
agement and planning priorities. While the plan 
incorporates some examples of “best management 
practices” for sustainable forest management that 
are consistent with appropriate climate adaptation 
responses (Ogden and Innes 2007), the plan does 
not explicitly identify climate change vulnerabili-
ties and actions that will be taken to reduce those 
vulnerabilities and manage risks. As such, the plan 
is characterised as a “Reactive-Indirect” plan, with 
respect to how it addresses climate change (Ogden 
and Innes 2008).
An examination of forest management actions 
that could be undertaken to reduce the vulnerabil-
ity to climate change of forest ecosystems and the 
people and economies that depend on them was un-
dertaken (Ogden 2007). Activities included a work-
shop on “Our Changing Boreal Forest,” hosted by 
the Champagne-Aishihik First Nation and the Alsek 
Renewable Resource Council, and involving local 
residents, governments and management agencies, 
and researchers (McKinnon 2006). The workshop 
outcomes provided a foundation for a preliminary 
research framework to support forest management 
decision-making in the changing climate of south-
western Yukon (Ogden and Innes 2009b).
Research also has been conducted to document 
the perspectives of local forest practitioners on 
the effectiveness of forest management adaptation 
options under a range of potential future climate 
conditions (Ogden and Innes 2009a). In this study, 
practitioners identified 24 adaptation options that 
they considered important to implement in order to 
achieve the regional goals and objectives of sustain-
able forest management in light of climate change 
(Table 14.5). The following targeted research needs 
were also identified: 1) local residents highlighted 
the importance of formalising a monitoring network 
based on local knowledge as part of a broader adap-
tive management framework; and 2) practitioners 
expressed a need for research to identify forest man-
agement tactics that would enable them to achieve 
community-directed forest management objectives 
in light of climate change (Ogden and Innes 2009b). 
In this region, climate change is providing the impe-
tus and a forum for discussion on the need for more 
comprehensive research and monitoring programs 
to support the sustainable management of forest 
resources.
Box 14.6 A Case study of sustainable forest management in a changing climate: Champagne-
Aishihik Traditional Territory, South-west Yukon, Canada
oping special management adaptation measures for 
them; (4) alternative products, processing, and uses 
of wood and non-wood products from future forests; 
and (5) evaluation of infrastructure and transport sys-
tems (especially in thawing permafrost zones) for 
maintenance, reconstruction, and rerouting needs.
14.5. Conclusions – A Boreal 
Prospectus
Boreal forests, forest industries and forest com-
munities are largely sustainable even in the face of 
changing physical and economic conditions, even 
though individual regions face particular chal-
lenges. Climate change and its effects are already 
evident in the world’s boreal forests. But large ar-
eas of wilderness and dominance by wide-niched 
and disturbance-adapted species suggest that the 
boreal biome has good capacity for resilience and 
adaptation. Limited agricultural capabilities, long 
distances from markets, and historic dependence 
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on a few primary industries may threaten the stabil-
ity of local economies, but northern communities 
(especially indigenous ones) are exhibiting a new 
assertive involvement in planning and development. 
Because boreal forests worldwide are primarily on 
public land, in regions with low populations, and few 
competing land uses (at a worldwide level), there is 
an opportunity to act proactively through landscape 
and regional planning, integrated multi-sectoral land 
management, and alternative models of governance 
that collectively facilitate adaptation to shifts in cli-
mate and markets.
Many boreal jurisdictions are already considering 
climate change adaptation measures for forestry, such 
as facilitated migration of crop tree species and seed 
lots, coupled with programs of genetic conservation. 
Much of the world’s boreal region can be expected 
to continue as generally low-productivity but large 
areas of forest managed for fibre production by native 
trees. This boreal model of extensive forestry, with 
few silvicultural interventions and comparatively 
long rotations, may have a relative advantage from 
environmental and sustainability perspectives (Booth 
et al. 1993). There also exists the (as yet largely un-
realised) potential to manage disturbance frequency 
and severity to approximate those of natural distur-
bance regimes under a program of ecosystem-based 
management. Such a management regime facilitates 
protection of ecological processes and wilderness 
values while extracting commodities and promoting 
sustainability in the international marketplace.
Additional research is required to reduce current 
uncertainties about the impacts of climate change on 
boreal forests, and to improve knowledge about the 
effectiveness of alternative management and policy 
measures. Even if adaptation measures are fully 
implemented, unmitigated climate change would, 
during the course of the current century, exceed the 
adaptive capacity of many forests. Global efforts to 
reduce greenhouse gas emissions are needed to en-
sure that boreal forests retain their mitigative and 
adaptive capacities. We must not forget the global 
responsibility of maintaining (or, preferably, enhanc-
ing) the role of boreal landscapes in sequestering 
greenhouse gases. It is estimated that approximately 
35% of the world’s carbon is currently stored in bo-
real forests and soils (Kasischke et al. 1995), with 
stocks found in peatlands especially uncertain and es-
pecially vulnerable to thresholds of temperature and 
moisture. Consequently, management policies and 
practices that result in a net loss of carbon dioxide or 
methane from northern forests, peatlands, and soils 
must be avoided if at all possible. Despite relatively 
low productivity (and hence low carbon fixation) 
rates, boreal forests have the capacity to both seques-
ter additional carbon and to retain that carbon for a 
long time. The challenge is to find the right balance in 
each landscape between those young growing forests 
and the old forests that contain high carbon stocks 
(Kellomäki 2000). Targeted management practices, 
such as enhanced fire protection around high car-
bon stocks and the promotion of higher stocking 
throughout a rotation (Garcia-Gonzalo et al. 2007), 
can demonstrably increase carbon sequestration and 
retention in boreal forests.
The comparative advantage of boreal forests and 
forestry (slow-growing, strong fibre, forest harvesting 
sustainable while maintaining ecological processes 
and wilderness attributes) can be expected to persist 
in the global economy, though not from all boreal re-
gions at all times. Many northern communities would 
benefit from diversification and education to enhance 
their adaptive capacity and global competitiveness, 
and thereby avoid some of the risks of unemploy-
ment and wide population swings associated with 
single-industry dependence. For large areas of the 
circumboreal region in which commercial forestry 
is not viable now or in the foreseeable future, the 
land may have greater value in supporting carbon 
sequestration, freshwater retention, wilderness, and 
wildlife habitat than for the production of timber or 
pulp. Although a potentially renewable alternative 
to fossil fuels, current initiatives to develop a wood-
based biofuel sector should consider the sustainabil-
ity of forest production and renewal.
Despite a superficial similarity in composition, 
structure, and driving factors around the world, the 
world’s boreal forests are a collection of social-
ecological systems representing a wide range of 
challenges and opportunities (Forbes et al. 2004, 
Angelstam et al. 2007). In addition to regional dif-
ferences in historical climate and current climatic 
trends, there is also a diversity of socio-political 
histories and cultural values found throughout the 
circumboreal region. The last decade or two has seen 
some dramatic shifts in biophysical and socioeco-
nomic considerations for forest management, and 
the coming decades can be expected to be just as 
dynamic. In Europe, for example, we are seeing a 
changing emphasis on forest values both in west-
ern countries, where more environmental values 
are now espoused, and in eastern countries, where 
commercial potentials are being explored along 
with a renewed commitment to timber sustainability 
(Angelstam et al. 2005). The intensively managed 
forests of Fennoscandia provide a warning to other 
boreal jurisdictions that industrial efficiencies may 
be achieved at the expense of biodiversity, while the 
wild forests of Russia and Canada provide important 
templates for restoration and ecological manage-
ment. In all circumboreal socio-ecological regions, 
however, there seem to be modest stepwise move-
ments to the “triple-bottom line” approach – i.e., 
with equal consideration to environmental and social 
benefits as well as economic ones – in evaluating 
industrial proposals and new government policies 
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in an effort to achieve sustainability and adaptive 
governance.
Forest researchers, managers, and policy-makers 
will be facing some challenges and dilemmas in the 
years to come. For example, reliable statistics com-
piled not only by political jurisdiction, but by eco-
logical region as well, are difficult to come by, yet 
are essential to gauge the state of sustainability of 
a biome. Other issues centre on how much manag-
ers can or should resist forest loss associated with 
local climate shifts and land use change. For ex-
ample, if ecosystem conversion from forest to park-
land or grassland is projected as being warranted 
in adjustment to the future climate, are we actually 
engaged in sustainable environmental management? 
Is strong sustainability a reasonable goal in times 
of high disturbance risk or dramatic environmental 
change? Perhaps the spatial scales over which we 
evaluate sustainability need to be reconsidered at 
the same time as we implement adaptive practices. 
The organisms and ecosystems we manage today 
probably faced similar or analogous challenges in 
the past. The difference today is that humans have 
already constrained the viability of many popula-
tions and have fragmented the continuity of habitat 
over large areas. In addition, we have constructed 
complex infrastructure and economies based on the 
status quo, so are less flexible in our response to a 
changing environment, though we are also potential 
agents of action to mitigate changes. The challenge is 
to improve our ability to make decisions in a chang-
ing world and to be wise enough to make the most 
constructive and adaptive choices.
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15.1 Introduction
The Amazon basin covers 6.5 million km2, of which 
5.5 million km2 are forests. The population of the 
“greater Amazon”, the area that covers the Amazon 
watershed and its contiguous area of influence, is 
estimated at 33.5 million inhabitants 1), of which 21 
million live in cities (UNEP 2009). The forested part 
of the region is national territory to nine countries. 2) 
This shared territory, furthermore, has multiple vege-
tation types, including rainforest, flooded forest, sea-
sonal forest, deciduous forest, and savannahs. Today, 
many people depend on these forests for their liveli-
hoods and evidence of ancient settlements reflected 
in contemporary vegetation features suggests that 
this has also been true historically (Balee 1999).
The Amazon forests are recognised for their 
importance as carbon stocks and for their contribu-
tion to greenhouse gas emissions through ongoing 
deforestation. The same forests constitute a global 
repository of biodiversity, and other above and below 
ground natural resources, like minerals and fossil 
fuels. A significant number of people depend on these 
forests for their livelihoods. In many parts of the 
basin, evidence of ancient settlements has been found 
that is reflected in contemporary vegetation features 
(e.g., Balee 1999). The region is of much interest 
to national governments for national development 
1) The UNEP (2009) population actually provides two different 
figures for the Greater Amazon population: 38.7 million (p. 
67) and 33.5 million (p. 176).
2) Bolivia, Brazil, Colombia, Ecuador, French Guiana, Guy-
ana, Peru, Surinam, and Venezuela. All these countries, except 
French Guyana, are members of the Amazon Cooperation 
Treaty Organization.
RegIonAl exAmPles oF FoRest RelAted 
ChAllenges And oPPoRtunItIes
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objectives, and to the private sector for business op-
portunities. Each of the Amazonian countries has its 
own set of interests that do not necessarily coincide 
with the interests of neighbours.
There is a renewed and urgent concern about 
the future of the Amazon region, the integrity of its 
forests and other ecosystems, and the well-being of 
its rural populations, especially the indigenous and 
other traditional populations. This concern stems 
from both existing and new threats in a world marked 
by economic crisis, climate change, and security is-
sues. Economic growth, albeit temporarily slowed 
down by the recent global crisis, contributes to infra-
structure and energy crop expansion (Rumrrill 2008, 
UNEP 2009). Climate change increases the forests 
vulnerability to fire and threatens the habitats of en-
demic species (Malhi et al. 2008). Remote corners 
and border regions between some countries are the 
terrain where illegal trade flourishes, sometimes in 
collusion with insurgent groups. Moreover, an in-
creasingly polarised political climate – epitomised by 
tensions between Venezuela, Bolivia, and Ecuador, 
which share pro-social development aims and Co-
lombia and Peru, which prioritise free trade-oriented 
economic growth – further complicates the process 
of finding regional solutions to common problems.
On the ground, however, many forces continue 
to shape the Amazon region. Deforestation, land 
degradation, poverty, and violence around land ap-
propriation persist. Investments and infrastructure 
expansion continue, and many regulatory policies 
are ineffective, because institutions and law enforce-
ment are weak. While well-intended efforts from 
state agencies and other external actors take into ac-
count the local population’s needs and aspirations, 
powerful groups with commercial interests unevenly 
influence decisions about public and private invest-
ments. Efforts to conserve forests and enhance local 
people’s livelihoods conflict or only partly coincide 
with agrarian development, timber sector expansion, 
and mineral resource exploitation.
Positive trends are also noted. Indigenous people 
and traditional communities have increased their ter-
ritorial control since the 1990s, and forest and bio-
diversity conservation efforts have expanded. Some 
of these efforts successfully build on customary 
community or household forest management (e.g., 
Sabogal et al. 2008). Urban centres have grown and 
provide new markets for rural producers. Incomes in 
rural areas surrounding urban centres have improved 
in many parts of the region (e.g., Stoian 2000, de 
Jong et al. 2001). While the concentration of land and 
resources in the hands of few continues, groups that 
contest such plutocratic control over Amazon lands, 
forests, and resources have increased their demands 
and profiles.
This chapter takes a fresh look at the current 
Amazon development pathway and its contributing 
factors. Are there alternative pathways with potential 
to improve local livelihoods and ecosystem integ-
rity? How can the institutional and market forces 
that threaten forests and local livelihoods be influ-
enced? Which policies and implementation strate-
gies are needed to create favourable conditions for 
forest conservation and the well-being of the people 
in the Amazon?
To address these questions, section 15.2 of this 
chapter summarises the region’s social and land use 
dynamics. Section 15.3 reviews the threats to the 
Amazon forests and forest-related economic activi-
ties. Section 15.4 reflects on the possible response 
options that can address negative or enhance positive 
outcomes. Section 15.5 narrows these options by fo-
cusing on current windows of opportunity to achieve 
economic, social, cultural, and conservation objec-
tives. Finally, section 15.6 reflects on possible future 
scenarios for the region and strategies to achieve 
these objectives.
15.2 Amazonian dynamics
15.2.1 The Changing Social Landscape
The Amazon, while often still largely portrayed as 
a vast lush forested land mass, has changed much 
since it came into the international spotlight in the 
1970s. The population of “Greater Amazonia” in-
creased from 5 million in 1970 to 33.5 million in 
2007 (UNEP 2009). Since 2000, the average popula-
tion growth of the region has been greater than the 
population growth in the countries that hold national 
territory in the basin. The road network crossing the 
Amazon has significantly increased; in Brazil, for 
instance, roads have expanded from 29 400 km to 
268 900 km in some 35 years (UNEP 2009). Today 
it is possible to drive a car from the Pacific coast 
in Peru, all the way to the Atlantic coast in Brazil. 
The Amazon forest is no longer a precious natural 
treasure lying beyond civilisation and nibbled at only 
from the fringes. Rather, the region is a vibrant so-
cial and economic landscape that has peoples, cities, 
towns, traffic, and trade.
The population increase is the result of high 
fertility rates, declining mortality, and subsequent 
waves of accelerated in-migration (Perz 2006). The 
Brazilian Amazon experienced in-migration of some 
850 000 people between 1985 and 1990, primarily 
into the so-called classical Amazonian states Ama-
zonas and Para, but relatively few to the states with 
tropical forest frontiers like Mato Grosso, Rondônia, 
and Acre. In recent intra-census years, migrants con-
stituted around 8% of the population in Bolivia’s 
tropical lowland, 6% in Brazil, 20% in Ecuador, and 
11% in Peru (Perz 2006). Many reviews of Ama-
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zonian migration suggest that immigrants escape 
poverty or violence in their region of origin. For 
instance, migrants from north-eastern Brazil moved 
en masse into the Amazon following years of serious 
droughts and hardships. Andean migrants moved into 
the Peruvian lowlands escaping insurgent violence 
in Peru (Limachi et al. 2006). Since the late 1960s, 
government policies, regulations, or development 
programs have stimulated migration (Binswanger 
1991, Browder and Godfrey 1997, Limachi et al. 
2006). In Bolivia, for example, the government has 
actively stimulated migration from the Andes region 
to the lowlands to provide laid-off mineworkers with 
alternative livelihood possibilities. Population growth 
and immigration have increased the diversity of an 
already mixed rural population. A large number of 
indigenous groups already shared the rural spaces 
with groups like caboclos and ribereños, who are 
the product of historical occupation and mixtures 
between residents and immigrants. The immigrants 
of recent decades have added to this diversity of rural 
residents.
The link between Amazonian-bound migrants 
and forest cover decline is not direct. Perz (2006), 
for example, observes a positive link between the 
number of migrants and forest cover decline in some 
of the Brazilian Amazon states, but not in others. 
Migrant population and forest cover decline are not 
directly linked in Bolivia, Ecuador, and Peru, partly 
because people settle in cities. Even when consid-
ering only rural Amazonian immigration, land use 
practices adopted by the new residents determine the 
land cover change to a large degree.
Today, the majority of the Amazonian population 
resides in urban areas, like Belém, Manaus, Iquitos, 
Pucallpa, Rio Branco, and Riberalta. The region has 
24 cities that have populations over 100 000 inhabit-
ants (UNEP 2009). The bulk of economic activity in 
these urban settlements is not directly related to natu-
ral resource use. A town like Cobija, at the northern 
Bolivia border with Brazil, for instance, increased 
from around 10 000 inhabitants in 1992 to 26 000 
today. A large part of this increase resulted from 
migrants from the Andes who took over the trade 
of consumer goods, boosted by Brazilian buyers at-
tracted by low prices because of a strong Brazilian 
Real in the 1990s and the “zona franca” status of 
the Bolivian border towns. In Manaus, a city of 1.7 
million inhabitants, the appliance and electronics 
manufacturing sectors and similar industries employ 
a significant portion of the labour force.
Expanding urban centres attract rural residents 
from the hinterlands in pursuit of new economic 
opportunities or better services. Many immigrants 
maintain agriculture and forest holdings in the loca-
tions of their origin (Padoch et al. 2008). In some 
cases, forests provide an important income contri-
bution or function as a safety net for city and town 
dwellers who came from the forested hinterlands. An 
important part of the immigration into forest-rich ru-
ral areas originates in the urban centres, and not only 
from outside the region anymore. Non-agricultural 
use of space resulting from the growing urban centres 
is becoming one additional factor that affects forest 
cover and forest integrity in the region.
Rural life in Amazonia is also subject to change, 
as schools and health posts are being built in the most 
remote villages. The region holds 420 indigenous 
groups, and some of them continue to increase in 
numbers. At the same time, however, traditional com-
munity bonds weaken and native languages go ex-
tinct as the indigenous inhabitants become absorbed 
into the dominant society. The rural population in 
general scores poorly on income, health, and edu-
cation indicators. However, in all countries, these 
indicators have improved, although generally not as 
much as in urban centres (UNEP 2009).
15.2.2 Occupation and Land Use 
Change
The Amazon holds the largest continuous tropical 
forest in the world, but it has also lost the greatest 
extent of forest among all tropical regions. According 
to the FAO (Food and Agricultural Organization of 
the United Nations) Forest Resources Assessment 
(FRA), the total deforested area in the Amazonian 
countries was about 3.5 million ha/year in the de-
cade 1990–2000, and it increased to 4 million ha/
year from 2000–2005 (FAO 2005). According to the 
same source, the highest annual deforestation rates 
during the first half of the 2000 decade were in Ec-
uador (1.67%), Brazil (0.63%), Venezuela (0.59%), 
and Bolivia (0.45%). About 78% of the total de-
forestation from 2000–2005 took place in Brazil. 
Information from the Brazilian National Institute of 
Spatial Research shows that annual deforestation in 
the Brazilian Amazon was relatively high in the early 
1990s, decreased to 1.3 million ha in 1997, increased 
to 2.7 million ha in 2004, and once more declined to 
1.2 million ha in 2008.
Both FAO and INPE (Brazilian National Institute 
of Spatial Research) datasets only report on defor-
estation, thus ignoring forest regeneration and its 
potential environmental benefits. Skole and Cho-
mentowski (1994) reported 30% of the deforested 
area in the Amazon to be regenerating into second-
ary forest. Lucas and colleagues (2000) support this 
figure and argue that one-third of the deforested area 
under forest regrowth is detected. More than a half 
of this forest is estimated to be less than five years 
of age. It is also likely that secondary forest suc-
cession differs significantly throughout the region 
(Moran et al. 1994).
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Studies have reported that deforestation was 
concentrated in a few specific areas in the Amazon 
(Skole and Tucker 1993, Alves 2003). For example, 
in Brazil, most deforestation takes place in the so-
called “Arc of Deforestation,” which reflects a log-
ging and agricultural frontier expansion. In lowlands 
Bolivia, most forest removal has taken place in the 
area labelled “expansion zone” in the department 3) 
of Santa Cruz. In Peru, most deforestation takes place 
in the Amazon region close to the Andean mountains 
in central Peru. A closer look into these areas reveals 
a multiplicity of social, economic, and ecological 
interactions. Different dynamics can be observed 
in southern Para, northern Mato Grosso, Rondônia, 
and Acre, but also in lowland Bolivia, Eastern Peru, 
Ecuador, and Colombia.
In Brazil, for instance, land occupation patterns 
vary considerably from state to state. Southern Para 
began to be occupied in the early 1960s, partly as 
a result of fiscal incentives and subsidised credits 
that promoted large cattle estates on public lands. A 
road network connecting Para to the Belém-Brasilia 
highway allowed small farmers to move into the 
area and escalated often violent struggles for land. 
Mato Grosso state, in the southern part of the Arc of 
Deforestation, has one of the most active livestock 
and agricultural expansion frontiers in the Brazilian 
Amazon. The agricultural and cattle frontier expands 
further into the center-western Brazilian states. The 
proximity to national markets of the southern states 
of Brazil has boosted soybean cultivation in Mato 
Grosso. The federal government stimulated small-
holder settlements in Rondônia as part of a broader 
strategy to occupy the Amazon region in the 1970s. 
A large number of the migrants who settled in this 
state were lured by the promise of cheap land and 
services for agricultural production. Since the early 
1980s, when the road linking Rondônia with south 
Brazil was paved, migration accelerated further. The 
provision of rural credit by the state has led to the 
establishment of more farms over the last two dec-
ades. The inflow of migrants to Acre has been rela-
tively low due to the remoteness of southern markets, 
and rubber tappers resisted cattle ranchers and have 
lobbied for the creation of extractive reserves since 
the late 1980s.
Similar contrasts in regional dynamics and de-
forestation can be observed in Peru. Until the 1990s, 
most forest conversion took place in the central Peru-
vian Amazon regions adjacent to the Andes. Espe-
cially San Martin, but other neighbouring depart-
ments were also targeted by aggressive agricultural 
development projects, infrastructure development, 
and related migration (Limachi et al. 2006). High 
prices for coffee and cotton in response to inter-
national demand, as well as national development 
aspirations, drove these developments. Deforestation 
in the department of San Martin increased exponen-
Photo 15.1 some of the deforested area is reported to be regenerating into secondary forests. second-
ary forest in norte do mato grosso, Brazil.
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3) Department or departamento in Spanish is the first level 
administrative subdivision of the national territory in Bolivia 
and Peru.
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tially between the 1960s and late 1970s. Since 1983, 
the deforestation of new areas almost stopped be-
cause of shifts to irrigated rice production. Deforesta-
tion briefly increased due to coca production between 
1987 and 1989. Since 1993, deforestation appears to 
have declined again (Limachi et al. 2006). In con-
trast, the Loreto region in the north has shown little 
deforestation even after the construction of a road 
from its capital Iquitos, which itself is isolated from 
the national road network, to Nauta. Deforestation in 
the southern region of the Peruvian Amazon is much 
higher. The Madre de Dios department is the location 
of the Peruvian section of the highway connecting 
the Pacific and Atlantic coasts. In April 2009, 75% of 
that road was paved, and traffic and land occupation 
are expanding rapidly, announcing the beginning of a 
new agricultural frontier era in the southern Peruvian 
Amazon. While Loreto has been spared from dra-
matic land use changes, infrastructure plans, which 
also target the northern Peruvian Amazon, are likely 
to change that in the near future.
In the Bolivian lowlands, land-use change, and 
thus forest removal, has been driven by oil explora-
tion and road expansion. The latter, accompanied by 
colonisation programs and incentives to stimulate the 
production of some crops (i.e., sugar, cotton, beef, and 
rice), led to the expansion of the agricultural frontier 
into forestlands in the early 1960s. Yet, deforestation 
was relatively low, about 80 000 ha/year during the 
early 1980s, because of the small domestic markets 
for agricultural produce. The adoption of free-trade 
policies in the mid-1980s accelerated deforestation, 
as it boosted soybean expansion and cattle ranching 
(Pacheco 1998). As a result, estimates in the Bo-
livian lowlands suggest that annual deforestation is 
growing rapidly from 225 000 ha during 2001–04, 
to above 300 000 ha (Killeen et al. 2007).
15.2.3 Policies Affecting Land and 
Forest Resource Use
Land occupation, logging, and other activities that af-
fect forests and livelihoods in Amazonia are strongly 
influenced by national policies. These policies have 
evolved over the last few decades, but have also be-
come more complex since the late 1980s, when eco-
nomic benefits, conservation, and residents’ rights 
and rural well-being became competing objectives.
Land and forest use in the Amazon has primar-
ily been influenced by central government policies 
with a focus economic growth. Already in settlement 
programs of the 1970s and 1980s, cattle ranching 
in Brazil and agribusiness expansion in Bolivia and 
Peru were promoted through tax and subsidy poli-
cies (Margulis 2003, Muchagata and Brown 2003, 
Brown and Purcell 2005, Hecht 2005, Salisbury 
and Schmink 2007). Rural development policies 
rewarded deforestation with land titles (Andersen 
and Granger 2007), ignoring environmental conse-
quences (Bunker 1984).
Since the 1990s, governments have significantly 
improved the legal and institutional frameworks that 
deal with land and forest use in Amazonia (UNEP 
2009). These reforms, however, continue to give 
priority to the timber sector and favour logging en-
trepreneurs. Only during the last decade, land and 
forest policies begun to consider small-scale farmer 
needs. Communities, for example, have been encour-
aged to participate in logging activities. However, 
the policies and legislation that regulate community 
forests inappropriately overlie models implemented 
by commercial enterprises without considering the 
specific characteristics of rural communities, such as 
the absence of capital to invest in logging activities. 
Countries, such as Peru and Bolivia have banned 
chainsaws for timber processing, although they rep-
resent one of the few low cost technologies to which 
smallholders have access (Pacheco et al. 2008). Gov-
ernments often argue that chainsaws waste more tim-
ber than sawmills, but this argument does not seem to 
hold. In various countries where communities have 
been given preferential access to or ownership over 
the forest, communities have signed timber exploita-
tion contracts with timber enterprises. Frequently, the 
conditions of these contracts are unfavourable for the 
communities, whereas the enterprises have cheap 
access to timber (e.g., Benneker 2008, Cronkleton 
et al. 2008). Communal forestry under conditions of 
market regulations imposes high transaction costs on 
communities, reducing their opportunity to comply 
with the legal system and their capacity to negoti-
ate.
While law enforcement is minimal, compliance 
is also low because the costs of complying with state 
norms render many forestry enterprises unprofitable. 
This is especially the case for indigenous and peas-
ant groups who, in most cases, cannot benefit from 
opportunities under legal and policy revisions. As a 
result, informality becomes more efficient to regulate 
social and economic interactions among forest users 
(Ruiz 2005).
Some countries, however, have managed to sim-
plify forest use regulations to reduce the bureaucratic 
burden for smallholders to obtain lawful forest user 
rights. In Ecuador, for instance, simplified forest 
management plans have been established. In Peru, 
three different levels of logging intensity can be au-
thorised, with the aim of making communal logging 
a more simple administrative process (Taylor 2006, 
Ibarra et al 2008, Sabogal et al. 2008). However, 
while community forestry is widely promoted, it is 
hardly contemplated in forest policies (Pacheco et 
al. 2008). Some non-sectoral policies, however, also 
have had important impacts on the viability of com-
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munal forestry; for instance, those that regulate prop-
erty rights to land and forests, and policies related 
to infrastructure development, agricultural develop-
ment, and settlement (Pokorny et al. 2008).
Agricultural policies generally tend to discour-
age community forestry, as they encourage agri-
cultural production tolerating or even promoting 
forest conversion. This often implies extending the 
agricultural frontier into forested land. Environmen-
tal policies consist predominantly of management 
restrictions or outright bans on forest use, e.g. in 
protected areas. Forest authorities, often linked to 
environmental ministries, tend to do little to separate 
forest from environmental control policies. Last but 
not least, commercial and communal forestry alike, 
are affected by macroeconomic factors and policies. 
For instance, exchange rate policies have a direct 
outcome on the competitiveness of timber exports; 
monetary policies influence national consumption of 
forest products (which is important for Brazil with 
its high domestic timber consumption), and tax poli-
cies have a direct influence on community forestry 
since they affect product prices and profit margins 
(Pokorny et al. 2008).
15.3 threats to Amazonian 
Forests and livelihoods
15.3.1 Cattle Ranching
Cattle ranching continues to be one of the most im-
portant direct causes of deforestation in the Brazil-
ian (Margulis 2003) and Bolivian (Pacheco 2006) 
Amazon. Medium- and large-scale cattle ranchers are 
the main forest converters, although the expansion 
of pasture for cattle ranching is also taking place in 
small landholdings, particularly in Rondônia state 
and along the Trans-Amazon Highway in Brazil 
(Veiga et al. 2001, 2004). Meanwhile, some authors 
suggest that extensive cattle ranching in the Amazon 
is intensifying (Faminow 1998, see also Simon and 
Garagorry 2005).
In the Brazilian Amazon, non-forest-based pro-
ductive activities have been widely promoted. Sub-
sidised credit and tax exemptions were implemented 
during the 1970s and 1980s, and they stimulated 
corporations from outside the region to convert for-
ests for extensive cattle ranching (Binswanger 1991). 
Some USD 300 million per year was allocated for 
such purposes between 1971 and 1987 (Schneider 
1995). In 1988, after growing criticism, the use of 
fiscal incentives to finance extensive cattle ranching 
in the Amazon was suspended.
The credit program that has provided most credit 
to farmers in the Amazon is the Constitutional Fund 
to Finance the Northern Region of Brazil. The pro-
gram has operated since 1988, under the administra-
tion of the Brazilian Bank for the Amazon (BASA 
2002). About USD 139 million annually of subsi-
dized credits for productive activities were given out 
to farmers over a period of 11 years. Equal shares 
of roughly 40% of these resources were invested in 
small and medium to large scale beef cattle opera-
tions (Arima et al. 2005). The availability of credit 
is considered one of the main reasons that enabled 
the expansion of pastures particularly among capital 
constrained smallholders (Veiga et al. 2004, Arima 
et al. 2005).
Cattle ranching however, expanded even in the 
absence of state subsidies (Camargo et al. 2002). The 
rapidly expanding markets for Amazonian beef in the 
region (Kaimowitz et al. 2004) and the availability of 
improved pasture management technologies helped 
to make cattle ranching a profitable activity in its own 
right. Cattle ranching is attractive for small farmers 
because land is cheap and once established, extensive 
pastures require little labour and capital inputs; cattle 
herds are also commonly seen as living insurance 
against health and other risks. Smallholders thus 
face few entry barriers to cattle production (Hecht 
1992, Kaimowitz 1995, Sunderlin and Rodríguez 
1996, Walker et al. 2000), which, in addition, inhib-
its spontaneous forest regeneration and integrates 
well with smallholders swidden fallowing practices 
(Vosti et al. 2000). Large landholders have similar 
reasons to prefer cattle ranching, and they often lack 
alternatives for investing their profits (Hecht 1993, 
Kaimowitz 1995, Faminow 1998).
15.3.2 Soybean Production
An unprecedented expansion of soybean production 
has taken place near the southwestern borders of 
Mato Grosso and in the Bolivian lowlands in the 
western Amazon. Between 1990 and 2007, soybean 
plantations in Mato Grosso increased from 1.55 to 
5.07 million ha (IBGE 2008). In Bolivia, the produc-
tion of soybeans took off in the late 1980s. Soybeans 
plantations grew from 200 000 ha in 1991 to 940 000 
ha in 2005 (INE 2006). After the legalisation of ge-
netically modified soy in 2005, further expansion 
is likely.
During the early stages of soybean development, 
incentives to invest in soybean production grew as 
road-building improved access to markets in areas 
with relatively cheap land, e.g. in Mato Grosso (Sbra-
gia 2006), Brazil and Santa Cruz, Bolivia. Here, 
landholders also benefited from adapted seeds and 
production technologies leading to the introduction 
of soybean in the cerrados, while retaining high-yield 
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potential (Kaimowitz and Smith 2001). Fearnside 
(2001) suggests that the rapid uptake of soybean pro-
duction in the Brazilian Amazon was driven by access 
to cheap agricultural credit for seeds, agrochemicals, 
and land machinery. In Bolivia, soybean producers 
previously benefited from World Bank loans (Bau-
doin et al. 1995), and currently from subsidised fuel, 
which lowers production costs (Pérez 2007).
In Santa Cruz, Bolivia, Brazilian soybean compa-
nies actively contributed to opening the agricultural 
frontier. They were attracted by low land prices and, 
in the late 1980s, by the opening of the “expansion 
area” into the most productive lands in the Bolivian 
lowlands (Pacheco 1998). Soybean cultivation also 
expanded because of growing international demand 
from Asian markets for animal feed. Brazilian pro-
ducers focused on Chinese markets (Nepstad et al. 
2006), while Bolivian farmers targeted Peru and 
Colombia, benefiting from the reduced tariffs for 
members of the Andean Community (Pérez 2007).
There are some uncertainties regarding the con-
tribution of soybean expansion to deforestation. In 
Brazil, while a portion of soybean expansion leads 
to direct deforestation, another portion occurs in 
degraded pastures or other land already deforested. 
The area of tropical high forest converted direct-
ly to large-scale crop production in Mato Grosso 
ranged from only 78 500 to 215 000 ha per year dur-
ing 2001–2004 (Morton et al. 2006). On the other 
hand, soybean expansion into pasture lands pushes 
cattle towards the forest frontier (FBOMS 2005). In 
Bolivia, soybean expanded into deciduous forest and, 
more recently, into tropical high forest in northern 
Santa Cruz (Hecht 2005) and constitute the main 
direct cause of deforestation in the Bolivian lowlands 
( Pacheco 2006, Killeen et al. 2007).
15.3.3 The Logging Industry
In Brazil, Bolivia, and Peru, the timber industry 
has continued to thrive and remains an important 
player in the forest policy arena; as such, timber 
companies often interfere with the forest activities of 
other actors. Persistent illegal logging suggests that 
the sector will remain outside of effective control 
and monitoring for the time being. A case in point 
is Brazil, which authorised 14 million m3 of timber 
to be logged in 2004, while that year saw an actual 
production of 24.5 million m3 (Barreto et al. 2006), 
about two-thirds of which was consumed domesti-
cally. Since signing the new forest law in 2006, Brazil 
has introduced the concept of national forests and 
expects to designate 50 million ha as national forests 
by 2010 (Freitas and Hummel 2007).
The timber sector in Bolivia has shown remark-
able ups and downs, concurrent with the country’s 
political and economic trends. The country’s timber 
industry expanded significantly in the 1970s, when 
Photo 15.2 Brazil, Bolivia and Peru are important timber producers. however, illegal logging continues 
to be rampant in these countries and the policies to curb it have not been enforced or effective.
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tropical forests became accessible because of oil 
exploitation. The following nationwide economic 
decline negatively affected the timber sector. The 
adoption of neoliberal economic policies revitalised 
the timber sector. Timber extraction was based on 
selective logging of a few species, did not consider 
any forest management practices, and no monitoring 
took place. During the late 1990s, Bolivia’s timber 
production declined drastically because of a regional 
economic crisis and also because of the new, stricter 
forest regulations. However, the sector has recovered 
and in 2005 Bolivia produced 826 000 m3 of timber 
(SF 2007).
The timber sector in Peru had mostly collapsed 
by the beginning of the 1990s, when insurgent groups 
gained control of access routes to timber-rich forests. 
Since the insurgency has been quelled, the industry 
has rebounded, but with little effective regulation 
or control. The new forest legislation assigns ex-
ploitation rights based on public bidding with an 
area-based fee and under strict management and 
administrative rules. However, the enforcement of 
forest regulation is minimal, and a vast proportion of 
Peru’s timber is from illegal sources (Hidalgo 2003, 
Smith et al. 2006, Colan et al. 2006/2007).
In Bolivia, more forest land has been given to 
indigenous groups and peasant communities, and 
less forest has been granted to forest enterprises, 
which pay higher forest use fees. This has resulted 
in less revenue that could be used to finance audit-
ing and monitoring by state agencies and municipal 
governments, and has affected the government’s 
ability to control illegal forest use, a trend that has 
continued under the Morales government (Contreras-
Hermosilla et al. 2002).
More than any of the sectors reviewed here, the 
timber industry suffers from lack of adequate gov-
ernance. Illegal logging is rampant in Peru, Brazil, 
and Bolivia. Barreto et al. (2006) suggest that 40% 
of Brazil’s production is illegal, and most experts 
estimate that 90% of the timber from the Peruvian 
tropical lowlands is logged illegally. Illegal logging 
goes largely unpunished, which is why the two prime 
ingredients of the current approach to forest con-
servation, namely environmental legislation and es-
tablishment of protected areas (including extractive 
reserves, indigenous territories, and regional con-
servation areas) remain ineffective. There has been 
interest and some progress towards transferring log-
ging rights to communities, which has the potential 
to lower logging impacts because forest communities 
generally have more interest in conserving forest 
stocks and often their logging operations are not 
mechanized. But, even where forest access and prop-
erty rights are favourable for community engage-
ment, the administrative and technical requirements 
often force communities to turn to companies to de-
velop and implement the forest management plans 
on their land. Communities that depend entirely on 
timber enterprises for capital input generally end up 
with unfavourable timber sale contracts, in terms of 
the price they get for the timber, the control they can 
exert on logging activities, and the long duration of 
these contracts (Medina et al. 2009). Communities 
that have received financing for the development 
of their management plan from a third party, e.g., 
the government or non-governmental organisations 
(NGOs), have a better chance to engage in more 
equitable timber sale contracts with private enter-
prises (Benneker 2008). An additional shortcoming 
of the timber industry that also needs addressing is 
technical inefficiency and resulting excessive waste 
and damages caused by logging.
15.3.4 Infrastructure Expansion
Under its National Integration Plan, Brazil built the 
first major roads into the Amazon region during the 
1970s to improve access to raw materials for national 
industries and boost export earnings. Road construc-
tion went together with massive re-settlement pro-
grams (Bunker 1984). In Peru, the first significant 
road into the Amazon was finished in 1943. Ama-
zonian colonisation projects started, however, only 
in the 1970s (Limachi et al. 2006). Spontaneous mi-
gration followed the expansion of roads, spurred by 
a desire to escape poverty and violence in regions 
outside the Amazon. In Brazil, many families moved 
in from the poor northeast; in the Andean countries, 
families resettled from the mountainous regions also 
to escape poverty (Limachi et al. 2006).
Collectively, the South American countries that 
share the Amazon region have major plans to expand 
the road network into the Amazon basin. The “Initia-
tive for the Integration of Regional Infrastructure in 
South America” (IIRSA) program was launched in 
2000. It consists of plans for 335 highway projects, 
bridges, dams, ports, waterways, natural gas pipe-
lines, electricity networks, and telecommunications 
improvements (Killeen 2007). The total program 
represents an investment of nearly USD 38 billion, 
with technical and financial support being provided 
by multinational financing agencies. The bi-oceanic 
highway that connects the Pacific and the Atlantic 
from Peru to Brazil and passes close to the northern 
Bolivian border, and a natural gas pipeline from the 
Caribbean coast in Venezuela to the Rio de la Plata 
estuary between Argentina and Uruguay, are likely 
to have great impacts in the region.
Killeen (2007) predicts important environmental 
and social impacts, and positive outcomes are not 
evident. Other observers claim that the program es-
sentially reinforces the expansion of monocultures 
and other allegedly unsustainable economic models 
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at the cost of forests without bringing about expect-
ed economic benefits, such as job creation (Valente 
2009).
The Brazilian equivalent of IIRSA was the so 
called Avança Brasil program, which involved ambi-
tious plans to build approximately 7500 km of high-
ways, railways, waterways, and hydroelectric dams 
into the Amazon, from 2000–2007 (Fearnside 2006). 
Avança Brasil aimed at improving the well-being of 
the increasing Brazilian population through gross 
domestic production (GDP) growth from agriculture, 
forest use, and mineral resource exploitation in the 
Amazon. The program has also been linked to In-
ternational Monetary Fund (IMF) recommendations 
to increase export earnings and facilitate foreign in-
vestment. Elements of Avança Brasil now continue 
to be implemented by the Lula Government under 
the Growth Acceleration Program (PAC). Some au-
thors argue, however, that environmental lobbies 
have grown stronger and, albeit far from outweigh-
ing economic interests, now contribute to shaping 
the wider policy landscape, at least in the Brazilian 
Amazon (Lemos and Roberts 2008).
Nonetheless, even if infrastructure development 
must not necessarily result in deforestation (e.g., 
Andersen et al. 2002), empirical evidence from the 
Amazon leaves no doubt about roads as drivers of 
forest loss (Pfaff et al. 2007). In the absence of com-
petitive economic alternatives and the rule of law, 
roads attract poor migrants and commercial interests 
searching for valuable timber and land for agricul-
ture (Fearnside 2006). Soares-Filho et al. (2006) 
estimate that without significant improvements in 
environmental governance, road network expansion 
in the Amazon will lead to the loss of 40% of original 
Amazonian forests by 2050, mainly in Brazil.
15.3.5 Oil and Gas Exploitation
Oil exploration and exploitation has been a part of 
Amazonian resource pursuit since the 1920s (San 
Sebastian and Hurtig 2004). In Peru, for instance, 
Amazonian oil drilling started in 1939 (Hoy and 
Taube 1963) and has continued to expand since. Even 
though millions of hectares were already under con-
cession during the mid-1950s, exploitation lagged 
behind, in part because of technical difficulties and 
also because of economic and political instabilities 
(Hoy and Taube 1963). Since the 1990s, oil and gas 
exploitation in countries of the western Amazon has 
picked up drastically. Ecuador, one of the poorest 
countries in the region in the 1970s, now generates 
40% of export earnings from oil exploitation, pri-
marily in its Amazon territory (San Sebastian and 
Hurtig 2004).
There are multiple impacts of the oil industry. 
Chirif and Garcia Hierro (2007) and San Sebastian 
and Hurtig (2004) cite reports of pollution from 
heavy metals, chlorides, and other contaminants that 
result from dumping large quantities of oil residues, 
drilling water, and drilling slick into rivers or open-
air pits. They estimate that in Ecuador alone, between 
1972 and 1993, some 114 billion litres of toxic waste 
were dumped on land and in waterways. Frequent 
spills from various pipelines that move crude and 
processed oil contribute to the contamination. The 
contamination results in excessive levels of cadmi-
um and lead in the bloodstreams of people living 
in areas downstream from oil exploration (Chirif 
and Garcia Hierro 2007). Fish, a principal protein 
source for large numbers of Amazonian inhabitants, 
absorb toxic levels of contaminants, and cattle that 
consume contaminated river water regularly die (San 
Sebastian and Hurtig 2004).
The pollution described above is the result of 
poor practices, inadequate environmental standards, 
and poor supervision and monitoring. Fortunately, 
regulation and supervision by the resident popula-
tion and others (Chirif and Garcia Hierro 2007) have 
increased. Oil companies have equally become more 
concerned about meeting environmental standards 
and in the future, impacts of oil exploitation are likely 
to diminish.
Given the already extensive areas under oil con-
cessions in Ecuador, and the recent expansion in 
Peru, the impact of oil and gas exploitation can be 
expected to increase. Finer et al. (2008) calculate that 
some 180 blocks are under concession, cover an area 
of 688 000 km2 in the western Amazon, more than 
10% of the region’s forest. The majority of these 
concessions is located in Peru, which at present has 
about 72% of its Amazon territory designated as 
concessions to oil and gas companies.
An additional negative effect of oil and gas drill-
ing is the opening of roads to access remote forest 
areas, many of which have protected area status. The 
Ecuadorian Amazon, for instance, is now covered 
by a vast network of roads to access the 300 active 
wells and 29 production camps (San Sebastian and 
Hurtig 2004). Some 15 indigenous groups in volun-
tary isolation are being threatened by oil exploration 
and logging of mahogany in the remotest corners of 
the Amazon (GITAI 2007). Chirif (2007) foresees 
the expansion of illicit growing of coca leaves and 
the preparation of cocaine paste in areas along the 
Peru-Colombian border, where oil production will 
provide the materials for coca leaf processing.
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15.4 Responses to  
the Challenges
15.4.1 Institutional Reform
Since the Rio Summit in 1992, national governments, 
often in collaboration with bilateral partners and the 
international community, have strongly invested in 
institutional reforms to improve legal frameworks 
and strengthen governance capacities. Generally, 
these efforts were focused on the classic command 
and control approach, but also included participatory 
elements to more actively engage civil society in 
the planning and control of environmentally relevant 
activities.
Nearly all Amazonian countries in the last two 
decades have profoundly revised their legal frame-
works for the protection and sustainable use of natu-
ral resources, particularly forests. Governments at 
the federal, state, and even municipal levels have 
set up forestry plans as strategic guidelines to define 
the principal policies for the use and conservation of 
natural resources for sustainable development. Of-
ten these plans were developed with the active par-
ticipation of civil society and thereby contributed to 
awareness and broader acceptance. Initially, reforms 
exclusively focused on the definition of norms for 
the elaboration, implementation, and audit of forest 
management plans carried out by commercial timber 
enterprises and, for the first time, provided a clear 
and transparent basis for management and control. 
Later, governments also started to consider simplified 
regulations and norms for forest use by communities 
and individual families, yet still focussing primar-
ily on timber harvesting. Local forest management 
schemes and the collection of non-timber-forest 
products still remained widely ignored. Most coun-
tries have chosen concession schemes as their gover-
nance approach and have set up detailed operational 
frameworks for authorisation, audit, and control.
Most governments also invested in strengthening 
the governmental organisations responsible for ef-
fective implementation of the new regulations. This 
mainly included three specific actions: (1) the estab-
lishment of competent governmental organisations 
and departments, such as environmental ministries 
and forest services; (2) investments in technologies 
for environmental control, particularly remote sens-
ing and auditing, as well as capacity building; and 
(3) decentralisation of competences from the central 
government to the state, and occasionally, municipal-
ity level. These efforts strongly affected the power 
relationships and logistical settings for forest man-
agement. However, in spite of strong international 
support, the new institutional framework generally 
suffered from insufficient financial resources and 
lack of technical capacities (Pacheco 2003, Toni and 
Kaimowitz 2003, Larson et al. 2006). In some cases, 
governance mechanisms also considered the pos-
sibility for participation so that stakeholders gained 
some influence in decision-making processes (Ribot 
2002).
15.4.2 Land Tenure and Access 
to Resources
The unclear and often conflictive land and forest ten-
ure situation in the region is generally understood as 
one of the principal drivers of uncontrolled use of 
forests and subsequent land degradation. The lack of 
a consistent rural land register, illegal land-grabbing 
and invasions, overlap of tenure categories, and the 
resulting lack of trust and violent conflicts among 
different actors in the Amazon probably represent 
today’s major bottleneck for all currently available 
responses to the challenges that the Amazon faces 
(e.g., Araujo et al. 2009).
Governments, in parallel with their efforts to im-
prove the legal-institutional framework, have tried to 
implement three measures to address resource ten-
ures: (1) the regularisation of private land tenure, (2) 
the strategic spatial planning called Ecological-Eco-
nomic Zoning (EEZ), and (3) the establishment of 
mechanisms to effectively control public lands. The 
latter included the demarcation of protected areas.
By the 1980s, social movements had gained for-
mal recognition of customary tenure rights by many 
governments in Latin America (Hall 2000). In the 
1990s, some countries began to grant tenure and ac-
cess rights to forest areas to indigenous groups and 
traditional communities. In Bolivia, for example, 
in 1996, the government created the legal status of 
community land (Tierras Comunitarias de Origen) 
and recognised communal properties of up to 500 
ha per family in forest communities in the northern 
Amazon. Brazil demarcated huge forest areas as ex-
tractive reserves and as several other forms to recog-
nise customary property rights. Similar forest tenure 
changes took place in Peru and Colombia (Chirif and 
García Hierro 2007). In Colombia, black communi-
ties obtained formal recognition of their lands in the 
so-called “resguardos” in the Pacific coast, as did 
the indigenous populations located in the Amazon 
region in the southeast portion of the country (Fa-
jardo 2002). Up to now, approximately 197 million 
ha have been formally titled or are in the process of 
formal recognition to favour indigenous populations 
in the Amazon as a whole, which corresponds to 
25.3% of the territory (RAISG 2009). Nonetheless, 
intra-village conflicts over access to land under com-
munal control sometimes persist.
Several Amazonian countries have refocused on 
land use planning to better control actors operating in 
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the region. Brazil launched its National Forestry Plan 
in 2000 to coordinate government actions addressing 
the country’s forests. In response, governments at all 
levels began to coordinate with the National Forestry 
Plan and developed strategic spatial plans – refered 
above as EEZ – to determine land use options and 
restrictions for specific areas. With the involvement 
of different stakeholder groups, EEZ built awareness 
about possibilities and difficulties of rural develop-
ment. The identification and demarcation of public 
lands and the subsequent definition of their legal 
status simplified the huge array of locally specific 
land use categories.
15.4.3 Decentralisation and 
Deregulation
The forestry agencies in the countries that share the 
Amazon region have traditionally been highly cen-
tralised and allowed little stakeholder participation. 
This system allocated forest resources inefficiently 
and created high levels of corruption in the collec-
tion and distribution of stumpage fees. Attempts to 
reverse that situation were made in the 1990s, when 
some countries (e.g., Bolivia) began to promote 
reforms to decentralise decision-making regarding 
policy formulation and public investment. While 
early decentralisation reforms primarily involved 
the provision of health and education services, they 
gradually began to include forest resource manage-
ment. Some decentralisation took place in Ecuador 
and Peru in the late 1990s. In Brazil, environmental 
responsibilities were transferred to the states only 
in the early 2000s.
The arguments favouring administrative decen-
tralisation stressed the inefficiency of central gov-
ernment in allocating public resources to meet local 
people’s needs, and the need to shrink public admin-
istration in the face of smaller public budgets. The 
argument against decentralisation was that transfer-
ring responsibilities to lower levels of government 
would only spread corruption of public officials to 
states and municipalities, and that decision-making 
would likely be captured by local elites (Ribot 
2002). Results seem to confirm both arguments. In 
some cases, municipalities have indeed engaged in 
sustainable forest management linked to territorial 
planning, and provided support to communities. In 
other cases, decentralisation has reinforced the role 
of local elites and boosted predatory forest exploi-
tation (Gibson and Lehoucq 2003, Pacheco 2004, 
Larson et al. 2006). Furthermore, in many cases, 
local governments receive only a small share of 
public resources, which limits their enthusiasm to 
become more active players engaging in their new 
role (Andersson 2002).
In most of the countries where decentralisation 
has occurred, it has been accompanied by reforms in 
forestry regulations aimed at promoting sustainable 
forest management, such as requiring reduced impact 
logging (Pacheco et al. 2008). Yet the forestry norms 
developed as part of the new forest policy frame-
works have, to a large extent, adopted a model of 
large-scale commercial logging. The same norms and 
standards are applied to local forest users, including 
indigenous people and smallholders. Thus, the model 
introduced new rules of the game for forest resource 
extraction that have been difficult for local forest us-
ers to implement (Pokorny and Johnson 2008).
Some countries are now addressing these issues. 
In Ecuador, the government has experimented with 
simplified forest management plans that apply un-
complicated rules for identifying and selecting trees 
to be logged. Approval of these plans is now the 
responsibility of the provincial government instead 
of the central government (Ibarra 2008). In Brazil, a 
distinction is made between high- and low-intensity 
plans, but both are subject to the same bureaucratic 
procedures that increase transaction costs. In all 
cases, forest management plans must be approved 
by a professional forester and, in community areas, 
plans have to be approved by leaders representing 
the community (Carvalheiro 2008). In Bolivia and 
Peru, little progress has been made towards simpli-
fying management plans, although there has been a 
strong debate about the need to simplify forest regu-
lations that discriminate against communities and 
smallholders. There is also an ongoing discussion in 
Bolivia, Brazil, and Peru to promote self-regulation 
as an alternative to cumbersome and onerous forestry 
regulations.
15.4.4 Reducing Emissions from 
Deforestation and Forest Degradation
The prospect of including forest conservation 
measures as eligible mitigation options under the 
post-2012 international climate policy regime has 
provoked unprecedented international donor com-
mitments to plans to mitigate deforestation and for-
est degradation in tropical countries. Brazil, with its 
largest continuous tropical forest reserves and the 
highest absolute deforestation rates in the world, has 
attracted a major share of recently earmarked funds 
for reducing emissions from deforestation and forest 
degradation (REDD).
While the design of an international REDD 
mechanism is still being negotiated, two questions 
seem pertinent: Can it be expected that REDD will 
significantly reduce tropical deforestation? If yes, 
who will be the winners and losers? The combina-
tion of factors that drive deforestation in the Amazon 
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leaves little doubt that business-as-usual is unlikely 
to substantially curb forest loss during the coming 
decade. As evidenced above, the present institutional 
and policy setup in most Amazon countries provides 
strong economic incentives for agricultural expan-
sion. The ambitious environmental and forest con-
servation policies of many governments have done 
little to discourage deforestation on the ground, apart 
from declaring most of it de jure illegal. To make 
a difference, REDD must change the current mix 
of incentives, not only in terms of direct economic 
signals, but also with regard to the underlying insti-
tutional determinants of land use decisions in the 
Amazon.
To illustrate the REDD challenge, consider that 
the Brazilian Amazon features a population roughly 
equivalent to that of the metropolitan area of the city 
of Sao Paulo, yet scattered across 5.2 million km2. 
Little more than 4% of private landholders, the major 
contributors to deforestation in the Brazilian Ama-
zon, have their lands regulated to the extent necessary 
for effective implementation of existing command-
and-control policies (Barreto et al. 2008). This means 
that offenders need to be caught with a “running 
chainsaw” in order to duly enforce conservation 
laws. In practice, the same applies to the region’s 2 
million km2 plus of protected areas and indigenous 
territories. Running on an annual operational budget 
of roughly USD 50 million, Brazil’s environmental 
protection agency IBAMA has few alternatives other 
than to rely on deterrence mechanisms, such as very 
large fines and showcase interventions.
Many REDD proponents point to the potential 
of direct payment-based approaches as effective 
means to encourage forest conservation. No doubt, 
as long as forests have no or little value to local 
land users, conversion to agriculture will remain the 
preferred option unless more rigorous law enforce-
ment prevents this from happening. The latter would 
imply substantial economic losses for virtually all 
segments of the rural population, except for certain 
ethnic traditional and indigenous minorities, includ-
ing powerful commercial interest groups (Börner et 
al. in press). This is most likely the reason that many 
laws have remained on paper so far.
The lion’s share of REDD funds will likely be 
administered by governments that receive transfers 
conditional on the reduction of deforestation rates. 
Norway’s USD 1 billion offer for Brazil’s Sustain-
able Amazon Fund is a prominent example. If policy 
makers are to achieve a sustainable deal with soci-
ety, they will have to combine sticks with carrots to 
compensate for the substantial opportunity costs of 
maintaining forests in place of agricultural expansion 
and timber extraction (Wunder et al. 2008). The ma-
jor bottleneck is the lack of institutional mechanisms 
to deliver both sticks and carrots effectively, most 
importantly regulated land tenure and tenure reform, 
effective property rights enforcement, and improved 
access to technological and economic alternatives to 
extensive land uses. Without these basic precondi-
tions, REDD funds run the risk of vanishing into 
black holes, or worse, doing more harm than good.
15.5 the Way Ahead
The Amazon region is known for the mighty river 
that crosses the continent from west to east and for 
the world’s largest continuous tropical forest. Mean-
while, the region is undergoing rapid changes: Scat-
tered in vast forest tracts, large urban centres have 
evolved, and expanding road networks make the for-
est margins ever more accessible. The Amazon’s rural 
dwellers have heterogeneous cultural backgrounds, 
engage in diverse livelihood strategies, and these put 
different values on natural resources.
This chapter merely touches on the most recent 
natural and social transformation processes in a re-
gion constantly affected by global pressures. Exactly 
one century ago, global demand for rubber resulted 
in a “boom-and-bust” cycle with transformational 
consequences for local economies in the Amazon. 
Today, global market preferences for the Amazon’s 
resources have changed, but local ecological and 
economic impacts remain strong. Yet, interest in the 
Amazon is no longer limited to timber, agricultural 
land, oil, and other minerals. Both Brazilians and 
the global society also increasingly demand the con-
servation of biodiversity, the forest’s climate regu-
lating functions, and the region’s water resources. 
The diverse actors that claim these resources and 
their benefits have increased in number, and they 
have become ever more sophisticated in pursuing 
their claims. Without doubt, improved and globa-
lised knowledge and information benefits all play-
ers involved in shaping the Amazon’s future. As a 
result, decision makers are increasingly facing real 
trade-offs when it comes to planning development 
and conservation in the Amazon.
Monitoring and enforcement of regulations have 
vastly improved the ability of authorities to govern 
resource use and conservation efforts. However, the 
shocking quantity of illegally logged timber and the 
harsh reality of unauthorised land conversion and 
related pollution show that existing capacities are 
still insufficient to counterbalance unsustainable 
economic interests in the region.
With the growing international interest in tropical 
forests, old violent conflicts are back on the political 
agenda. During 2008/9, Peruvian indigenous groups 
protested against government policies in the Ama-
zon, including the preferential treatment of corpo-
rative interests in oil concessions over much of the 
Amazonian territory. These protests led to the death 
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of over 30 people in June 2009. Few countries have 
yet found satisfactory ways to deal with incompatible 
economic interests and territorial claims of indig-
enous groups for recognition of ancestral rights and 
self-determination. Several observers (e.g., Rumrrill 
2008) believe that growing international demand for 
resources in the Amazon will intensify such conflicts 
in the future.
Within the scope of this chapter, we can only 
highlight a few of the complex sets of measures fre-
quently proposed to avoid scenarios of progressive 
resource exploitation at the expense of ecosystem 
services and local livelihoods. Chief among much 
needed policies for the Amazon is the control of 
illegally expanding cattle and soy production, as 
well as timber, gas and oil exploitation, and related 
contamination. Incentives that promote otherwise 
unprofitable activities need to be removed, and sup-
port for legal and sustainable use of forest resources 
strengthened. Equally important, incentive schemes 
need to account for the negative environmental ex-
ternalities caused by extensive natural resource use 
in most parts of the region. Large parts of the profits 
made in the forest sector are captured by capitalised 
entrepreneurs not infrequently supported by corrupt 
government officials. Few benefits trickle down to 
the rural population, which often ends up being even 
worse off because of restricted resource access and 
environmental degradation. Preferential resource 
access for local and traditional populations with 
customary rights seems justified not only on moral 
grounds, but because accounting for both economic 
and environmental benefits renders traditional small-
scale production at least as profitable as large-scale 
resource exploitation.
Important improvements can still be made within 
the governance sphere. Decentralisation of decision 
making power and participation mechanisms for the 
local population needs strengthening. At the same 
time, however, accountability and transparency at 
all levels, within governments, civil society and the 
private sector, needs improvement.
Some specific recommendations can be made for 
individual countries. In Brazil, state governments, 
indigenous organisations, civil society, and the pri-
vate sector need to define the future of their Ama-
zonian space. The national government will have to 
tame the corporate private sector in the Amazon and 
limit its excessive influence on policy formulation 
and implementation. Progressive state governments 
need support in promoting sustainable development 
models, whereas an end has to be put to corruption 
at lower administrative levels.
In Peru, the incumbent national government has 
to revisit its plans for private sector-led Amazonian 
forestry development and open up to the voices of 
local grassroots organisations, indigenous groups, 
and local governments.
Considering the cultural and ecological peculiari-
ties of the Amazon region, regional governments are 
probably best placed to lead the formulation of the 
policies that can shape the future for its people. The 
example of Bolivia, however, shows the importance 
of mechanisms to ensure that this is the result of 
democratic and participatory processes. In the Bo-
livian Amazon, central government opposition has 
found strong support from the corporate sector, thus 
again leading to policies being overly dominated by 
economic interests at the cost of the local popula-
tion.
An important step towards a locally defined sus-
tainable development path is the continuation of land 
tenure and recourse access reforms in all Amazon 
neighbour countries. Tenure reforms need to result in 
well-defined property rights for local people, grant-
ing them de facto decision-making autonomy within 
the limits of environmental policies. This also implies 
the recognition of collective and individual tenure 
claims of established rural communities (Chirif and 
Garcia-Hierro 2007).
Not at least, research has a role to play in defin-
ing the Amazon’s future. Interdisciplinary research 
needs to seriously address the costs and benefits of 
investment into both economic development and en-
vironmental conservation, and consider their social 
dimensions. A more thorough investigation of the 
trade-offs between these almost generally conflicting 
objectives will likely present national governments 
with surprising evidence indicating that the current 
mix of public spending is rather inefficient. Such 
analyses may in many cases influence decisions as 
to what are more appropriate land use options for 
major tracts of the Amazon landscape. Sustainable 
forest management instead of forest conversion may 
become more attractive, especially if reduced impact 
technologies, certification, and improved monitor-
ing can guarantee that forest management practices 
improve. In the presence of clearly defined land and 
forest tenures, the same cost-benefit analysis may 
also increase the attractiveness of communal forest 
management vis-à-vis corporate logging or agricul-
ture (Sabogal et al. 2008, see also Chapter 16).
Research must also contribute to determining 
how incentives and disincentives are best combined 
to achieve maximum impact in conservation spend-
ing. For example, conservation costs may be too high 
to be compensated for in areas where economic re-
turns on forest conversion are extremely high, thus 
leaving few other options than control and enforce-
ment. Meanwhile, enforcement costs may far exceed 
conservation costs in many vast and remote Amazon 
areas covered by extensive pasture production or 
slash-and-burn systems. Under such circumstances, 
offering conditional compensations for forest con-
servation may well turn out to be the best strategy. 
A major challenge that proponents of such transfers 
296
15 AmAzON FORESTS AT THE CROSSROADS: PRESSuRES, RESPONSES, AND CHALLENGES
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
15 AmAzON FORESTS AT THE CROSSROADS: PRESSuRES, RESPONSES, AND CHALLENGES
face today is how to make sure that such transfer 
payments do not vanish into black holes. Whether 
payments are a result of market mechanisms or tar-
gets agreed upon in international negotiations, they 
should be conditional on delivery of conservation 
outcomes. Estimates of the full economic costs of 
achieving additional conservation outcomes, there-
fore, should and will represent the basis for negotia-
tion of such transfers.
Finally, optimising public spending and provid-
ing appropriate incentives for conservation at the 
local level is not enough for the considerable number 
of poor dwellers in the Amazon who lack the means 
and available choices to respond to such incentives. 
A socially inclusive sustainable development strat-
egy for the Amazon, therefore, requires measures 
to improve access to knowledge, technology, and 
markets for goods and capital, the lack of which often 
represent the root cause of what some authors have 
called conservation-investment poverty.
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Abstract: Community forestry is pursued as rural development strategy in many 
tropical forest regions worldwide. In Tropical America, rich experiences have been ac-
cumulated with community forestry support initiatives and this chapter summarizes 
published and the author’s hands on experiences. The chapter is divided in two parts. 
The first half focuses on the actual contribution of forests and trees to rural livelihoods, 
evidence that allows a more precise identification of the actual potential of communal 
forestry for rural development. The second half of the chapter reviews some of the 
challenges faced by community forestry development initiatives. The chapter critically 
reflects on generating profits, inserting communities in forest product value-chains, 
setting up community forestry enterprises and the challenge to adequately deal with 
complex regulations. By exploring the experiences of a handful of current community 
forestry initiatives in Amazonia, and with some reference to Central America, the poten-
tials, limitations and challenges of communal and smallholder forestry are discussed.
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16.1 Introduction
The livelihoods of an estimated 300 million people 
worldwide living close to tropical forests depend on 
tree or forest products for daily subsistence (Pimentel 
et al. 1997, but see Calibre Consultants 2000). The 
relationship of these people to trees and forests has 
long been recognised as an opportunity for adopting 
community or smallholder forestry to improve rural 
well-being (Cavendish 2000, Scherr et al. 2004). 
International organizations like the Food and Agri-
cultural Organization of the United Nations (FAO) 
and the World Bank began to promote community 
or social forestry in the late 1970s and early 1980s, 
respectively (de Jong et al. 2008). Rural dwellers had 
earlier been involved in forestry activities by both 
national and colonial governments, though often as 
labour force rather than beneficiaries (de Jong 2010). 
Community forestry pursues multiple objectives, in-
cluding improved rural welfare, addressing actual 
and anticipated fuelwood shortages, and mitigating 
undesired impacts of forest conversion on the en-
vironment.
A review of the literature that deals with the 
wide range of community forestry initiatives, also 
called smallholder forestry, participatory forest man-
agement, community-based forest management, 
community-based forestry, adaptive collaborative 
management, or joint forest management, presents 
a mixed picture on realities, potentials, and experi-
ences to promote local forestry. Eminent scientists 
who researched indigenous groups in forest-rich re-
gions already observed long ago that trees and for-
ests play an important role in people’s economies, 
and that local people do manage trees and forests in 
their estates. Anthropologists, rural economists, and 
sometimes foresters, who previously had focused on 
rural agriculture, shifted attention to swidden-fallows 
management or other kinds of forest management 
(e.g., Posey 1982, Moran 1984, Balee 1987, Denovan 
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and Padoch 1988). Out of this work evolved the dis-
course on non-timber forest products, which before 
had been called minor forest products or secondary 
forest products (Nepstad and Schwartzman 1992). 
Non-timber forest products were perceived as pos-
sible marketable forest products that could generate 
incomes to rural producers who, in turn, would make 
more profits from standing forests than from alterna-
tive land uses (Plotkin and Famolare 1992). These 
various efforts successfully brought attention to the 
potential and opportunities of forests in the sustain-
able development thinking.
It can conceivably be argued that the community 
forestry development model, as currently promoted 
by national and international, governmental and non-
governmental development agencies, has its origins 
in these early inquiries on the role of forests in rural 
livelihoods. In the early stages of community forestry 
development, emphasis had been put on technical 
aspects of natural forest or plantation management 
and community organisation. Later on, focus shifted 
towards land tenure security and institutional de-
velopment, including the role of forest-dependent 
people as effective forest stewards (e.g. Poffenberger 
1990).
Many publications on community forestry, in-
cluding peer-reviewed papers, had as their main pur-
pose to advocate community forestry to convince 
rural development specialists, donor agencies, and 
especially national forestry experts and forestry agen-
cies to progressively pursue this new development 
and conservation approach by doing the necessary 
changes in legislation, policies, funding allocations, 
and land and access rights. However, at least a num-
ber of papers are somewhat more reserved about the 
potential of trees and forests to effectively improve 
rural livelihoods (e.g., Browder 1992, Cavendish 
2000, Campbell et al. 2001, Wunder 2001).
Consequently, the studies and findings summar-
ised in this chapter demonstrate some critical aspects 
about the community forestry development model 
(Gasché 2002 and 2004, Hoch et al. 2009, Cornejo 
2010), while also citing experiences where small-
holders, with external assistance, have succeeded in 
using their forestry portfolio to improve incomes. 
These successful examples cited below are mostly 
from Central America and Mexico (e.g., Bray and 
Merino-Pérez 2002, Antinori and Bray 2005, Bray 
et al. 2005, Nitler and Tschinkel 2005, Stoian and 
Rodas 2006a and b, Stoian et al. 2009). In Mex-
ico and Guatemala communities and smallholders 
successfully organised themselves as community 
forestry enterprises (CFEs) and succeeded with 
inserting their forestry activities in timber or other 
forest product value chains. In addition, the chapter 
draws on cases from the Amazon basin, where rich 
experiences of community forestry support exist and 
important research findings have been generated over 
the past two decades (Bray et al. 2005, Benneker 
2008, Sabogal et al. 2008).
In view of the quite contrasting experiences 
with community forestry, this chapter intends to 
address several relevant questions: What explains 
the disappointing outcomes, where they occur? Or, 
conversely, what explains the successful examples 
of community and smallholder development initia-
tives? More intriguing is why a significant number 
of forestry development efforts achieve little results 
in locations where people depend on forests for their 
daily subsistence, and where forests contribute some-
times significantly to their monetary income. The fol-
lowing section16.2 reviews the opportunities related 
to community forestry while section16.3 focuses on 
the challenges and limitations. Section16.4 draws 
some consistent conclusions from the ambivalent 
experiences.
16.2 Opportunities for 
Community forestry 
development
16.2.1 Concepts and Principles of 
Community Forestry
Community forestry is defined in many different 
ways. For instance, McDermott and Schreckenberg 
(2009: 158) emphasise in their definition “power 
and influence” that local people exert over “deci-
sions regarding management of forests.” Pokorny 
et al. (2008) propose a definition of community for-
estry as commercial local forestry that is actively 
being promoted by external agents, emphasising 
the protagonist role of non-governmental organisa-
tions (NGOs), development agencies, or national, 
regional and local governments. This definition sug-
gests that community forestry development models 
and discourses concur with locally developed for-
est use models (Hoch et al. 2009), or traditional or 
indigenous forest management (McDermott and 
Schreckenberg 2009), while it is not immediately 
clear how the two complement or integrate. Given the 
different perspectives on the matter, it is relevant to 
clarify what, in the context of this chapter, we mean 
by community forestry.
Commonly, forestry is understood as activities re-
lated to standing forests. Numerous researchers (e.g., 
Dubois 1990, Sabogal et al. 1997, Smith et al. 2001, 
Nalvarte et al. 2004, Sabogal et al. 2006, Hoch et 
al. 2009) have demonstrated that Amazonian small-
holders manage natural stands and forest gardens, 
and plant single species stands, agroforestry fields, 
and single trees outside of natural forests. Many of 
these activities, including those largely focusing on 
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market-oriented production, are locally initiated. 
But, traditional and indigenous forest management 
(c.f., McDermott and Schreckenberg 2009) encom-
pass a quite diverse set of locally generated forestry 
practices or interventions to harvest, increase, or sus-
tain production, or for other purposes. They usually 
include infrequent harvesting of forest products from 
forests, tree stands, or single trees, which are to be 
sold or exchanged. In a certain sense, this kind of 
management represents any sort of tree- or forest-
related activity carried out by members of rural 
communities or individual smallholders in Latin 
America. Hoch et al. (2009) distinguish ten types 
of local forestry activities (Table 16.1).
Community forestry has been an integral element 
of development strategies since the early develop-
ment decades after the Second World War. Its objec-
tives and related approaches have changed over the 
years. During the 1970s, erosion protection, local 
forest product supply, and generating rural incomes 
were the dominant goals. During the 1980s, an im-
portant shift towards promoting natural forest man-
agement occurred to achieve development and forest 
conservation objectives. Since the 1990s, community 
forestry support initiatives have explicitly focused 
on both poverty alleviation and forest conservation, 
with emphasis on legal and regulatory reforms, local 
capacity-building, and small and medium enterprise 
development (de Jong et al. 2008).
Forestry activities, along with other kinds of tree 
management, are essentially economic undertakings. 
Most of the wide range of forest products, including 
timber, fuelwood, and non- timber forest products 
(NTFPs) are being traded or are tradable in markets, 
while also used for subsistence. Recreational and en-
vironmental services, such as ecotourism, and water 
and soil protection, biodiversity conservation, and 
carbon sequestration are equally, if not more, impor-
tant, but related markets are still in their infancy.
Table 16.1. differentiation of community for-
estry in the Amazon (adapted from hoch et 
al. 2009). These include both locally devel-
oped forestry schemes and schemes pro-
moted by external agents.
Management of natural forest stands for NTFP
Management of natural stands of fast growing timber
Enrichment planting in natural forests
Management of swidden fallows
Swiddens intercropped with tree plantings
Home or forest gardens
High value timber plantations
Fast growing timber plantations
NTFP plantations
Single tree planting in agricultural fields
photo 16.1. Community forestry is based on local customary practices, but also requires that protago-
nists learn modern techniques, for instance the use of maps and machinery as well as how to organize 
themselves.
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In these forest economies local communities play 
an important role, even more as their ownership over 
the world’s remaining natural forests significantly in-
creased in recent years (Sunderlin 2008). At present, 
close to 200 million ha representing a forth of the 
Amazon forest region are formally titled, or are in the 
process of formal recognition, to local populations 
(RAISG 2009). Perz and Skole (2003) estimate that 
in Brazil about 20–40% of land initially used for 
agriculture but where forests have returned is under 
community or smallholder control. In particular with 
regard to the rapidly developing markets for environ-
mental services, it is assumed that local people are 
going to be important protagonists for providing a 
growing world population with forests’ goods and 
services. This is expected to provide attractive income 
opportunities for forest-dependent people, even more 
as many rural communities in forest-rich regions are 
traditionally engaged in the management and trade 
of forest products, so that these local practices can 
be incorporated into forestry value chains. It remains 
however somewhat unclear, if the currently promoted 
community forestry models are compatible with the 
realities of forest communities.
16.2.2 Who Manages Forests and 
Trees in Amazonia?
A persistent challenge in commenting on community 
forestry is the adequate consideration of the immense 
diversity of actors and their forestry activities. A 
common feature of many community forestry defi-
nitions is the distinction between local actors as pro-
tagonists of community forests, and non-local actors, 
including corporate or entrepreneurial actors. Local 
actor groups include native indigenous communi-
ties, many of whom still live in remotely located and 
isolated villages. Since the end of the 19th century, 
migration into the Amazon region accelerated and 
has resulted in a new resident indigenous population, 
for instance, the ribereños from Peru and caboclos 
from Brazil (Chibnik 1991). A significant proportion 
of these groups live in organised and legally recog-
nised settlements, where they often have some kind 
of formally recognised local government structure. 
Since governments began to support Amazon devel-
opment projects and infrastructure improvements in 
the 1960s and1970s, there have been also new waves 
of immigrants moving to rural Amazonia, mostly 
known as colonists. They moved into existing vil-
lages established in settlement projects, or estab-
lished farms on their own.
There is a marked difference in familiarity with 
the local environment between indigenous groups 
and other long-term resident groups, and recent im-
migrants. While the latter are initially unfamiliar 
with their new environment, and bring with them 
agricultural practices that are ill-suited for the new 
environment, there are documented cases where re-
cent immigrants quickly became familiar with the 
environment and adopted agroforestry production 
practices that were well-suited to local ecological 
conditions (Smith et al. 1999). Recent Amazonia im-
migrants, especially from the Andean highlands into 
the western Amazon, tend to be more familiar with 
trade, contract work, and social discipline.
The vast majority of the above mentioned groups 
of long-term residents in tropical forest zones are 
engaged in swidden fallow agriculture as well as 
in some kind of tree or forest management. For ex-
ample, Summers et al. (2004) suggest that 30% of 
recent settlers in Rondônia, in the western Brazilian 
Amazon are involved in forestry activities. Smith et 
al. (2001) as well as Sears et al. (2007) reconfirm a 
similar proportion for Peru. Smallholders commonly 
understand forests and trees as an integral part of 
their production systems. In areas of direct occu-
pation, forestry and agricultural land use constitute 
integrated land use activities (Pokorny et al. forth-
coming). Forest remnants, secondary forests, forest 
gardens, and trees in agricultural fields together cre-
ate typical smallholders landscapes. In fact, there are 
spatial and temporal synergies between the different 
land use components, resulting in complex land use 
mosaics, with trees and forests managed at differ-
ent intensities and for different purposes, including 
environmental functions. These mosaics emerge dur-
ing several decades through a sequence of punctual 
interventions and continuous experimenting, and 
achieve, in the best case, a kind of steady-state of 
land use components with the capacity to ensure 
ecosystem stability and the continuous provision of 
environmental services (Godar 2009).
Although, the term “community” generally 
invokes collective arrangements related to the co-
ordination and realization of forestry activities in 
commonly owned forests it is worthwhile to remind 
that the Amerindian populations of most of tropical 
America are not and never have been “communal col-
lectivists.” Their social organisation is based mostly 
on reciprocal family networks in which goods and 
services (i.e., labour) are exchanged. While com-
munal and ancestral territories are recognised and 
defended, most resource management, including 
swidden fallow secondary forests or forest gardens, 
is individual or nucleo-familiar (Chirif 2009). More 
recent residents often established their own peer 
groups, maintaining social structures and collabora-
tion practices that they brought with them from their 
location of origin.
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16.2.3 How Much Does Forest 
Management Contribute to Rural 
Livelihoods?
Smallholders in Latin America rely heavily on the 
use of natural resources. In many areas, forest and 
trees and the related environmental services play 
a major role for household income and livelihood 
security. This is true not only for families and com-
munities with access to large forested areas, but also 
for families who manage small forest patches or for-
est fallows. Pokorny et al. (forthcoming) and Hoch 
et al. (2009) confirmed that the majority of families 
in their sample from Amazon locations in Brazil, 
Bolivia, Ecuador, and Peru included some kind of 
forestry activity in their agricultural activities for a 
wide range of forest and tree products to satisfy their 
basic needs for nutrition, construction, fodder, tools, 
fuel, and medicines.
While forests and trees are widely important 
among smallholders, dependency on them varies 
substantially. In some cases, forest and tree products 
are the principal source of income for families, as 
shown by Padoch (1987) and Padoch and de Jong 
(1991) for Peru, Clüsener-Godt and Sachs (1994) and 
Allegretti (1995) for Brazil, and Stoian (2000) and 
Henkemans (2001) for Bolivia. Vos et al. (forthcom-
ing) estimate that for only about 25% of smallhold-
ers’ forests don’t play a major role. Evidence from 
Bolivia and Peru suggests that forest dependency 
increases when communities are located further away 
from urban centres (Stoian and Henkemans 2000, 
Pyhälä et al. 2006).
The way communities and smallholders use their 
forestry is strongly influenced by external dynam-
ics. In Amazonia, families respond to the increased 
presence of private companies with intensifying the 
harvesting of forest products in particular timber. 
Most smallholders sell forest products without fur-
ther processing in local markets or directly to traders. 
Vos et al. (forthcoming) estimate that less than 10% 
of the families trade processed forest products, while 
about a fifth are involved in regional or national mar-
kets – mostly confined to the first segment of the 
respective supply or value chain. The proportion 
of smallholders directly selling to the international 
market is negligible.
When smallholders adapt their productive ac-
tivities to the emerging commercial opportunities 
provided by improved linkages to markets, the im-
portance of forests for the livelihoods of families 
generally decreases. This suggests that forest pro-
duction has a relatively low profit margin compared 
to other productive, but often non-sustainable land 
uses, and that these are the first activities to become 
unprofitable when markets provide opportunities for 
commercialization of agricultural products. Regional 
variations in access to markets, forest composition, 
local customs and preferences may actually lead to 
an increased contribution of forests to local incomes. 
This is particularly the case in traditional contexts 
characterised by the absence of other more attractive 
income opportunities. Examples of these are where 
families shift to selected forest products that are in 
demand in local or regional markets, such as palm 
heart and fruits from Euterpe oleracea Mart. in the 
eastern Brazilian Amazon, or palm fruits from Maur-
itia flexuosa L. in Peru; or in international markets, 
such as Brazil nuts from northern Bolivia, southern 
Peru, and western Brazil. In addition, along recent 
agricultural frontiers, the commercialisation of tim-
ber can become an important source of monetary 
income for smallholders (Pokorny et al. forthcom-
ing).
16.3 Challenges for Commu-
nity forestry development
This chapter so far has reviewed contemporary reali-
ties of community forestry in the Amazon region, and 
their importance for rural incomes and the shaping 
of tropical forest landscapes. The evidence confirms 
the assumption that supporting community forestry 
may be an adequate strategy to further development 
and conservation objectives. The community forestry 
sector has meanwhile acquired important accumu-
lated experience, based on implementation projects 
and studies (e.g., Gasché 2002, Gasché et al. 2004, 
Sabogal et al. 2008, Hoch et al. 2009, Pokorny et al. 
forthcoming). This section summarises some impor-
tant lessons from these reviews.
16.3.1 Lessons from Community 
Forestry Support Initiatives
Cornejo (2010), analysing local forestry support 
initiatives from Peru, Bolivia, Ecuador, and Co-
lombia, found that these initiatives in general were 
duly designed with early involvement of the target 
beneficiaries, but varied with regard to the meth-
ods and intensity used for consultations. The most 
common operation mode was to organise communal 
workshops where ideas were presented to target ben-
eficiaries asked to provide opinions or suggestions. 
Even though several initiatives focused on rather new 
activities among the target beneficiaries, these activi-
ties all fit well within the rural producers’ economic 
strategies. Thus, the new activities proposed by the 
initiatives did not demand excessive time allocation, 
consumed only minor amounts of time and thereby 
occupied a relatively small proportion of the family 
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labour pools. The activities all focused on manag-
ing local biodiversity, while complying to the extent 
possible with the existing regulations. This implied 
necessarily the introduction of new management 
practices and new forms of organisation among ru-
ral producers.
All the cases reviewed by Cornejo (2010) had in 
common that some kind of intervention by external 
agents had taken place. Interventions were typically 
related to a development projects led by a NGO, 
though government support was also present in sev-
eral cases. Despite the fact that important resources 
had been invested in technical assistance and train-
ing, and efforts had been made to define phase-out 
strategies, an overall result was that few of the in-
novations continued after the project finished. One 
of the reasons was that the initiatives failed to pay 
sufficient attention to the importance of smallholder 
business organisation and related capacity-building, 
and to product value-chain development.
In contrast to some successful examples from 
Mexico and Central America, where communal busi-
ness organisations could be built on existing struc-
tures for community and political-legal organisation 
(Stoian 2005), Amazonian forestry producers had 
little former integration in market structures and were 
confronted with entirely new forms of organisation. 
So, Amazonian forest managers did become only in 
very few cases direct traders of the raw material or 
semi-finished products. Most of them continued to 
sell their products to local intermediaries with little 
influence on price formation. In fact, they hardly 
ever succeeded in establishing trust relationships 
with non-local market participants and therefore 
did not manage to receive more attractive prices for 
their products. Findings of a global review of ru-
ral community enterprises suggest that the start-up 
phase necessary to establish viable business struc-
tures would take at least between 10–20 years, fol-
lowed by a consolidation phase of a similar duration 
(Donovan et al. 2008).
Another immense challenge for community for-
estry initiatives was the legal formalisation of for-
estry activities in accordance with pertinent regula-
tions (Pokorny et al. 2008). Obtaining legally valid 
documents and permits, usufruct rights in the form 
of forest concessions or extractive reserves, as well 
as constituting formal smallholder organisations 
involved lengthy processes with high transaction 
costs, even more as government norms and regula-
tions often were relatively difficult to comply with. 
Where some kind of certification was pursued, this 
also proved to be an equally cumbersome and ex-
pensive undertaking.
Another major challenge was to gain effective 
control and protection against unauthorised use of 
the target resources by non-participating commu-
nity members or outsiders. Supporting development 
organisations helped the local stakeholders to ex-
ert their rights, but once the interventions finished, 
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photo 16.2 Rural communities in Amazonia increasingly benefit from timber sales. Regulatory frames 
and available technology, however continue to hinder community forestry region wide.
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monitoring and control mechanisms relaxed consid-
erably. They only remained effective in some cases 
where resources could be divided up among rural 
producers, for instance in the form of individual 
plots. Efforts to generate higher added-value through 
post-harvest treatments or processing were unsuc-
cessful in those cases where technologies were not 
appropriate because too expensive or too demanding 
to be maintained with local capacities and resources. 
Even in cases where technology design matched with 
the local skills available, only small quantities of the 
principal forest products were processed.
Few of the Amazonian initiatives reviewed by 
Cornejo (2010) managed to establish autonomous 
and long-term forestry production and trade. This 
was largely because many initiatives failed to ad-
equately consider the prevailing socio-economic and 
cultural realities of the targeted beneficiaries. Where 
rural producers managed to establish fair and stable 
collaborations with external agents, as in the case 
of Brazil nut production in southern Peru, or the 
case of floor wood producers in Loreto, the situation 
was more favourable and local benefits continued. In 
most cases, however, it became clear that rural pro-
ducers targeted by development initiatives apparently 
do not have the same values, motivations, objectives, 
or the same subjective logic of life as urban societies 
or forestry communities that have had more expo-
sure to markets and urban societies (Gasché 2007). 
The consultations that most initiatives applied at the 
beginning of the initiative, although well-intended, 
were unable to identify the appropriate spaces of 
dialogue or culture of discussion, reflection, and 
decision-making. The a priori focus on insertion of 
local forestry production into forest product value-
chains hinder a more adequate exploration of op-
portunities for setting up and promoting more ap-
propriate mechanisms to achieve improvements of 
local consumption or satisfying local needs.
16.3.2 Generating Incomes from 
Community Forestry
The experiences summarised in the previous section 
can be disaggregated by looking at some key steps 
that community forestry needs to pursue. Commu-
nity forestry supporters assume that a more effec-
tive management of trees and forests, and a more 
effective insertion in forest product value-chains can 
create attractive income opportunities to local for-
est users. In expectation of this economic potential, 
governments established settlement models where 
families were trained to effectively manage forests 
and sell forest products to achieve adequate incomes 
(CTA 2006, Carvalheiro et al. 2008) without the need 
to practice agriculture. In Brazil, for instance, beyond 
the demarcation of Extractive Reserves by the federal 
government, many states – often in collaboration with 
environmental NGOs – promote “forest settlements” 
(as in Acre), a “Zona Franca Verde” (Amazonas), and 
“areas for sustainable development” (Pará).
Recent studies point to a rather limited financial 
potential of the externally promoted community 
forestry models. Their input requirements are high, 
prices obtained for traded forest products are low, and 
the managerial and logistical challenges are cumber-
some (Wunder 2001, Pokorny and Johnson 2008). 
Case studies of externally promoted smallholder tree 
management analysed by Hoch et al. (forthcoming) 
suggest consistently disappointing results compared 
to initial expectations. Even when market distances 
are short and commercial timber stocks abundant, 
as is the case in the southern part of the Ecuadorian 
Amazon, local forestry producers rarely obtained 
annual per hectare incomes of more than USD 15 
(Pokorny et al. forthcoming).
All these experiences received important external 
support. In accordance to the study of Medina and 
Pokorny (2008) analysing some of the most suc-
cessful community forestry initiatives in the Ama-
zon, initiatives in dependence of size, technologies 
and specific site conditions had initial investments 
of between USD 20 000 and USD 800 000 to ac-
quire equipment and for technical and managerial 
training. Small-scale initiatives like the “Oficinas 
Caboclas” in Boa Vista dos Ramos, Mamirauá, and 
Pedro Peixoto collectively managed forest areas of 
up to 50 ha without heavy machinery and produced 
less than 250 m³/year of timber, while bigger initia-
tives such as Ambé, Costa Marques, the “Projetos de 
Assentamentos Agroextrativistas” (PAE) Cachoeira, 
Equador, and Porto Dias yearly harvested timber in 
more than 100 ha with trained personnel and the use 
of machinery. These cases generated timber yields of 
at least 650 m³/year. The analysis revealed that only 
those initiatives that operated larger areas and had 
little vertical integration managed to offset the labour 
costs and, in a few cases, generated small profits. 
Other initiatives did manage to assure incomes to 
recover operational costs.
Reasons for this lack of viability are relatively 
low productivities oscillating between only 5% up to 
a maximum of 75% of timber enterprises, and con-
sequently relatively high production costs ranging 
between USD/m³ 15–50 for round wood to USD/m³ 
190–600 for processed wood. Pokorny et al. (forth-
coming) estimate annual per hectare family timber 
incomes of about USD 5, considering an allowable 
cut in natural forests of 2–3 m³ per ha in a 20-year 
rotation (Silva et al. 1995). In the department of Lo-
reto, Peru, an Iquitos-based company joined forces 
with rural people to produce and export hardwood 
for wooden floors. There, small producers extract an 
average of 40 m3 at an amount of 2–3 m3/ha, which 
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yields them about USD 500/month. In summary, it 
appears that timber production can provide comple-
mentary sources of income, but cannot provide the 
only source of income and allow the forgoing of other 
land uses, except for some exceptional cases as the 
floor-wood producers in Peru (Cornejo 2010).
Tree-growing initiatives suffer from similar low 
financial profitability. Hoch et al. (2009) have dem-
onstrated that smallholder tree plantations require 
high initial investments, suffer from pests and fire, 
and uncertain market conditions. In the Amazon re-
gion, only about 1% of participants in plantation 
programs end up selling plantation products for 
markets. Exceptions are perennials, such as cocoa, 
coffee, palm oil, and incidental local trees like umari 
(Poraqueiba sericea Tul.) and cupuaçu (Theobroma 
grandiflorum (Willd. Ex Spreng.) K.Schum). Where 
such producers are linked to markets, they may ob-
tain net profits of up to USD 300–900 per hectare. 
However, initial inputs in time and capital are sig-
nificant (Hoch et al. forthcoming).
16.3.3 Insertion in Value-Chains
Many community forestry initiatives as currently 
promoted by development organisations require a 
number of adjustments from the local forest manag-
ers. Most critical, local forest users have to engage 
in market exchange under rules with which they are 
often unfamiliar, nor do they have the necessary ca-
pacities to influence or take advantage of them. Their 
forestry activities become subject to a normative-
institutional framework different from the one they 
are acquainted with. However, the vast majority of 
forest-based communities and smallholders con-
tinue to participate mainly in primary production, 
with little connection with downstream chain actors 
beyond local intermediaries. Their participation in 
the supply- or value-chain may be sporadic, as they 
often cannot supply the market with steady volumes 
or qualities (Pacheco and Paudel 2010). This limits 
the opportunities of joint learning with other chain 
actors and, eventually, to strengthen their bargain-
ing power.
Many development initiatives promote so-called 
inclusive value-chains. In particular in Mexico (see 
Antinori 2005, Antinori and Bray 2005) and Gua-
temala (see Nittler and Tschinkel 2005, Stoian and 
Rodas 2006 a,b), a growing number of community 
forest enterprises became engaged in vertical in-
tegration. In Mexico, these relationships are often 
based on contracts with timber companies, some-
times involving community-based processing (Bray 
et al. 2005). In Peten, Guatemala, local processing 
of certified timber into sawnwood by community 
forest enterprises is common (Stoian, forthcom-
ing). In Honduras and Nicaragua, there are further 
examples of local communities producing certified 
timber where differentiation of their products in the 
market has generated additional benefits.
The benefits of insertion in such forest product 
value-chains, however, depend not only on the cap-
acities of local communities and smallholders, but 
also on the influence they can exercise other par-
ticipants in the value-chain. Value-chain participa-
tion requires local producers to establish agreements 
with external actors, often in the form of written 
and signed contracts. While establishing some kind 
of agreement with traders may not be uncommon 
for local producers, it is also clear that more formal 
agreements usually stand for more rigid rules and 
important obligations on the part of local producers. 
Formal contracts may allow for risk sharing and, if 
well negotiated, some kind of benefit sharing. This, 
in turn, requires skills and experiences in negotiat-
ing the terms of trade – capacities that many local 
producers are yet to develop. In the meantime, they 
need to rely on assistance from NGOs and develop-
ment projects for negotiating contracts, complying 
with their stipulations, and ensuring compliance on 
the part of the trade partner. In addition, local pro-
ducers need to meet quality standards and minimum 
volumes, along with timely delivery of their raw 
materials or semi-finished products. Furthermore, 
the demand for capital is high, particularly when 
engaging in processing, but also to pay advances to 
raw material collectors. In the absence of financial 
services provided by downstream chain actors, lo-
cal communities and smallholders need to rely on 
commercial loans. Accessing financial services has 
its own sets of customs and rules, which require yet 
another kind of skills.
These conditions contrast with how many rural 
producers operate. Often they operate in largely in-
formal economies, where agreements are mainly ver-
bal. Furthermore, rural producers, such as the ones 
in the Amazon, usually apply advanced payments, 
committing the exchanging parties and reducing the 
risk of default of both parties. Where verbal agree-
ments are made, they usually concern products that 
have relatively low exchange value, or services that 
can easily be withdrawn if obligations are not met. 
This, however, does not imply that such agreements 
are not complied with or cannot be enforced, but 
rather than introducing new practices of contractual 
agreements, it deems more promising to formalise 
local practices of establishing agreements.
A simple representation of what is required when 
local forestry producers integrate in value-chains is 
to assess how distant local customs, practices, and 
rules are from those required in formal forest prod-
uct value-chains. Global economy, of which forest 
product value-chains form a part, is based on private 
ownership over the products from labour efforts and 
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personal assets, profit maximisation, and accumula-
tion of wealth. These economic principles, however, 
are not necessarily in line with those of forest or rural 
communities. Although in many cases local econ-
omies depart from personal ownership over assets 
and the right to exclusively capture and consume 
rewards from personal labour, key principles are also 
reciprocity and solidarity, and the concordance of pri-
vate progress in tandem with progress of the solidar-
ity group (Varese 2005, Gasché 2007). Hence, among 
forest-based communities in tropical countries, there 
is much less a tendency of profit maximisation and 
accumulation of wealth than, for instance, among 
more developed urban societies. While there are 
differences in personal or family asset wealth and 
overall income between single families in most rural 
communities, most rural producers pursue a strategy 
of accumulating productive assets, such as agricul-
tural fields or swidden fallow lands. These local 
accumulations provide insurance for future income 
uncertainties that may jeopardise the well-being of 
family members. In addition, local producers may 
accumulate assets to pass them on to children, once 
they start their own families and will require such 
assets to satisfy their own family needs.
Rather than wealth accumulation, in typical Ama-
zonian communities, goods are exchanged in times 
of need, but also in times of abundance to solidify 
extensive family networks (Varesa 2005, Gasché 
2007, Chirif 2009). Among many rural communities, 
assisting a family member in need is considered more 
important than accumulating personal wealth beyond 
what is needed to assure future well-being. Goods are 
traded for money outside local family networks or 
communities, but mostly to satisfy immediate needs, 
such as buying consumer goods for daily consump-
tion or to finance school or health expenses. It is also 
not uncommon that windfall incomes, as in the case 
of Brazil nut collectors in Bolivia, are spent exces-
sively on liquor and consumer goods for which there 
is little use, like motorbikes where there are no roads 
or gas stations, or DVDs and music players where 
there is no electricity (de Jong and Evans 2005).
The implications of a local moral economy 
for the community forestry models are not easy 
to predict. Some consequences could be that local 
forest users may be interested in holding product-
ive forest resources to which they can turn when 
needing money to satisfy urgent needs. They may 
be less inclined to become subject to rigid produc-
tion schedules, which require delivery of products 
at fixed intervals, meeting agreed quality standards, 
and the like. The implications of these behaviours 
on forest management are diverse since, on the one 
hand, in contexts of low pressure over the resources 
they may contribute to forest conservation but, on the 
other hand, when such pressures increase and involve 
more heavily local producers, this can translate into 
considerable pressure on forests and lead to increased 
degradation.
16.3.4 Creating Community Forestry 
Enterprises
Successfully integrating forest product value-chains 
requires some kind of business organisation, often 
referred to as community forest enterprises (CFEs). 
Stoian and Donovan (2008) classify CFEs as small 
and medium enterprises, with legal figures ranging 
from cooperative or association to anonymous soci-
ety. Particular cases are ejido-based CFEs in Mexico, 
and comites de gestión in Peru, which are tasked 
with the management of ejido lands and protected 
areas, respectively (see Bray et al. 2005, Monteferri 
2006). CFEs engage in a wide variety of produc-
tive and service-oriented activities, including timber 
and NTFP production, and various kinds of tourism 
(Stoian et al. 2009). Examples from the Amazon in-
clude community ecotourism enterprises in Peru and 
Ecuador (e.g., Schmall 1999, Wunder 2000).
CFEs that are known in the region have similar-
ities in organisation and operation. Only a very few 
among them can rely on the assistance of professional 
managers. Rather, these enterprises are governed by a 
group of persons elected from among the CFE mem-
bers, and who formally are controlled by the general 
assembly of CFE members. The directing group is 
given the mandate to take operational decisions and 
administer the CFE. In some cases, the CFE is as-
sisted by a full time administrator or accountant who 
has had professional training (Stoian and Donovan 
2008). In general, many CFEs face significant trade-
offs between the economic and social goals of the 
enterprise. A typical question is whether any surplus 
generated by the end of a year is divided up among 
CFE members, or used for capitalising the enterprise. 
Investment decisions need to choose between acquir-
ing new machinery and equipment, and funding so-
cial projects related to granting stipends or building 
social infrastructure. Many CFEs in tropical America 
rely heavily on external support from NGOs, which 
provide the know-how and skills that professionals 
otherwise provide. Such external support essentially 
implies that CFE are subsidised and are not able to 
operate profitably entirely on their own.
The social re-organisation under a community 
forestry development model is particularly challen-
ging. It seems to require a type of organisation that 
is able to reconcile economic and social ends, as 
suggested by Stoian and Donovan (2008). However, 
in many cases, local organisational traditions allow 
for social rather than strictly economic goals. To be 
viable, organisational structures and management 
models have to allow for participatory decision-
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making patterns that promote democracy, equity, 
and social justice without compromising the eco-
nomic viability of the enterprise. Social innovation 
is needed to create business organisations that meet 
the requirement of a formal enterprise, but that at the 
same time are adapted to local customs and practices. 
While these social innovations have been little ex-
plored, they should probably meet the criteria listed 
in Table 16.2.
16.3.5 Setting up an Adequate Legal 
Framework
Forestry regulatory frameworks influence how local 
producers access and manage forests, but also how 
they interact with markets (Pacheco et al. 2008a). 
In many cases, cumbersome regulatory frameworks 
tend to operate as institutional barriers and to impose 
excessive transactions costs to local forestry produc-
ers (Sherr et al. 2004), in particular as commercial 
forestry production tends to be more regulated than 
other economic sectors due to concerns for forest 
conservation (Larson et al. 2008). Thus, devolution 
policies in the region have increasingly granted for-
est land ownership rights to local producers, but also 
imposed management regulations more appropriate 
for corporate forestry.
Communities and smallholders have access to 
forests through individual or collective ownership, 
or through temporary use rights, like the social for-
est concessions in Guatemala and Bolivia. Each of 
these local forestry producers needs to follow a set of 
complicated rules when undertaking forest product 
harvesting. In nearly all Amazonian countries, they 
need to get a formal title of their lands or to regis-
ter their existing rights, and have to develop forest 
management plans (FMPs) and annual operational 
plans (AOPs). An additional request contained in 
the national commercial codes is that local operators 
need to constitute and register a formal economic 
organisation.
The governments in the region have formalised 
community and smallholder forest tenures in dif-
ferent ways. Collective rights have been given as 
indigenous territories, agro-extractive or extractive 
reserves, sustainable development reserves, and 
forestry settlements. The bundles of rights granted 
under these different models all recognise access 
and withdrawal rights to communities, management 
rights that impose the preparation of FMPs, and the 
right to exclude third parties from communal lands. 
The alienation rights in all cases remain with the 
state (Larson et al. 2008). A second forest devolution 
strategy has been to grant individual titles through 
formal land titling programs, for instance in coloni-
sation areas.
The preparation of a FMP and an AOP do not 
only impose an administrative burden, but also repre-
sent a financial cost for local users, primarily because 
their preparation requires specialised skills that need 
to be hired or contracted. In addition, FMPs require 
carrying out forest inventories by specialised person-
nel. Most communities are not able to cover such 
costs, so they depend on NGOs or forest companies 
for assistance (Benneker 2008). Several countries 
have recognised over time that the required plans 
following models inspired by corporate commercial 
logging and as a consequence are financially and 
technically too demanding for most local forestry 
producers. In response, some governments have at-
tempted to simplify these regulations, though others 
have decided to cancel simplified forestry norms 
given the unintended consequences of simplifica-
tion (Pacheco et al. 2008b).
Ecuador, for instance, has simplified forestry 
norms that communities and smallholders need to 
comply with. Local forestry producers can do simpli-
fied forestry inventories and are allowed to produce 
planks with chainsaws inside the forest. Approvals 
of plans for those operations, however, still have to 
be signed by a forester (Ibarra et al. 2008). Never-
theless, as in many other cases for simplification, 
smallholders and communities still have difficulties 
in complying with these norms. In fact, already the 
need to elaborate registers that record the number 
of trees and estimated volume to be harvested often 
exceed the willingness and capacities of local pro-
ducers.
Also in Bolivia, there are several types of tech-
nical norms ranging from management plans for for-
est concessions to logging of forest areas less than 
200 ha that require only a harvesting permit. The 
latter is much more simple and quickly to get than 
an authorisation of a full-sized forest concession 
(Pacheco et al. 2008b). Between 2003 and 2006, 
the Bolivian law also allowed smallholders to log 
Table 16.2. principles of community forestry 
enterprises in the Amazonian context.
CFEs should be modelled on existing labour and dis-
tributive solidarity groups.
CFEs should adopt discussions and a decision-making 
mechanism that coincide as much as possible with ex-
isting dialogue practices and spaces.
Leadership implies organisation and coordination re-
sponsibilities, but does not grant a position of author-
ity.
Benefit distribution should represent the individual 
contributions of each member.
Adequate amounts of surplus benefits should be in-
vested in social projects (asset building), and in the 
enterprise (capitalisation).
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areas of less than 3 ha to facilitate the harvest of 
small volumes of timber and to invest part of the 
profits in the formulation of formal management 
plans. However, the 3-ha plan was cancelled since 
it was systematically used by timber intermediar-
ies to cumulate area for an easy access to timber 
(Cronkleton and Albornoz 2003).
In Nicaragua, until 2006, there were three types 
of plans to make small-scale logging easier and 
cheaper: replacement plans for areas less than 10 ha, 
minimal plans for 10–50 ha, and general FMPs and 
AOPs for areas over 50 ha. A fourth type of permit 
was created only in indigenous areas of the Autono-
mous Northern Atlantic Region (RAAN) for logging 
pine for local markets. The simpler plans, however, 
were suspended following a Logging Moratorium 
Law in 2006. All logging now requires a general 
management plan. It is also now illegal for wood 
to be sawn in the forest; all logs must be milled at 
a registered sawmill. Prior to the moratorium, saw-
ing boards with chainsaws was permitted under the 
simpler plans (Pacheco et al. 2008b).
In Brazil, a distinction is made between high- and 
low-intensity plans, but both are subject to compli-
cated bureaucratic procedures. In both cases, a pro-
fessional forester must sign the FMPs. In community 
areas, plans have to be additionally signed by leaders 
representing the community or territory. The profes-
sional forester, who helps to formulate the FMP, is at 
the same time responsible for the forestry operations 
in the area. This intends to ensure relative transpar-
ency in both the formulation and implementation of 
the FMPs, which facilitates central agency super-
vision, but they are hardly implemented in practice 
(Carvalheiro et al. 2008, Pacheco et al. 2008a).
An additional obligation for commercial forest 
users is the requirement to register a forestry enter-
prise under the commerce regulations. A registered 
forestry enterprise has to comply with tax regulations 
and can legally subscribe formal contracts and get 
access to formal credit. However, most of the com-
munities see this as an additional requirement that 
provides little benefits. It is likely another reason 
for communities and smallholder forest producers to 
continue operating in informal forest markets.
Generally, it can be concluded that forestry 
regulations tend to operate against the interest of 
communities and smallholders because they impose 
both legal barriers and transactions costs to them. 
The simplification of forestry regulations has not 
so much favoured the local forestry producers, but 
rather actors farther along the value-chain. In many 
cases, market imperfections are the larger constraints 
to local forestry producers increasing benefits from 
simplified norms. Pacheco and Paudel (2010) suggest 
that the simplification of forestry regulations is not a 
response to the more fundamental problems located 
within the realm of markets.
16.4 Lessons from Amazonian 
Community forestry experi-
ences
This chapter summarised a number of critical re-
views of community forestry support initiatives in 
tropical America (e.g. Gasché 2007, Pokorny et al. 
2008, Hoch et al. 2009, Cornejo 2010). One con-
clusion is that the community forestry development 
model – understood as the efforts by external agents 
to promote community and smallholder forest man-
agement activities, and through these achieve objec-
tives to increase rural monetary incomes and forest 
conservation – is not having the expected success in 
an important number of cases, at least in the Ama-
zon region. In view of this, the chapter attempted to 
explain what the implications are for future efforts, 
and the potential for supporting community forestry 
in order to achieve development and conservation 
objectives.
Section two of this chapter reinforced that forests 
and trees play an important role in daily subsistence 
for the vast majority of low-income rural dwellers 
in the Amazon basin. However, it also confirms that 
forest- and tree-based activities are relatively mar-
ginal compared to other economic activities that 
yield better returns per investment of labour, land, 
or others. Financial analyses of several forestry ac-
tivities listed in Table 16.1 do suggest poor returns 
compared to agricultural practices, and forestry only 
receiving investment of marginal labour (Hoch et al. 
forthcoming). In general, when rural households’ 
economies improve, they tend to shift their economic 
strategies to a more specialised portfolio of activities, 
often leaving forestry activities behind. On the other 
hand, quite a number of financially attractive forestry 
activities have been reported in Amazonia, includ-
ing cocoa and palm fruit production, tropical cedar 
planting, or tree enrichment planting (Padoch and 
Pinedo-Vasquez 2006, Hoch et al. 2009).
What, then, explains the poor outcomes of com-
munity forestry initiatives? Section three of this 
chapter identifies some of the major challenges 
that such initiatives face. A key challenge relates 
precisely to the difficulties of forestry activities to 
generate profitable incomes under the ecological and 
economic circumstances prevalent in many parts of 
tropical America. The community forestry devel-
opment models require a local adaptation to a set 
of practices, customs, and rules that are not only 
alien and difficult to comprehend and absorb, but 
they also conflict to an important degree with local 
moral-economic principles. This, for instance, im-
poses serious constraints in the organisational adjust-
ments that local foresters need to make when they 
set up CFEs. The realities of an insertion in a forest 
product value-chain of community forestry produc-
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tion demand important organisational adaptations. 
Proponents of the community and smallholder de-
velopment model have suggested that the formation 
of CFEs increases the opportunities for successful 
outcomes of initiatives. However, the hurdles that 
need to be overcome for a successful establishment 
of a CFE surely contributed to the number of failed 
cases of CFEs.
One additional challenge faced by community 
and smallholder development initiatives is a persis-
tently limiting institutional and political environment 
in all Amazonian countries. This is the case with 
much of the legislation, policies, and regulatory bod-
ies that affect community forestry, but also with those 
that affect forest product markets, and the access 
and conditions of credits. Regulations and policies 
have mostly been designed for large corporate ac-
tors. A progressive entrance of local producers into 
commercial forestry production has hardly led to an 
adjustment of standards and subsequent modification 
of regulations. Where such adjustments were made, 
the modified regulations were quite regularly abused 
by non-local producers and as a consequence legal 
simplifications to benefit local producers were often 
reversed.
There are, however, other constraining conditions 
that equally explain the poor rate of success of local 
forestry assistance initiatives. Forestry development 
initiatives suffer from inadequate funding, poorly 
trained technical staff, and the requirement to comply 
with planning and implementation regimes imposed 
by funding agencies even where they are not ideal for 
the objectives and local conditions. Several critics of 
the forestry development establishment (e.g., Camp-
bell and Sayer 2003, Sayer and Campbell 2004) have 
suggested that goals and objectives should be ad-
justed during the lifetime of assistance initiatives, 
that implementation is more flexible, that problems 
be addressed by multidisciplinary teams, and that 
local ownership of initiatives be assured.
The executing agencies, often NGOs, are not 
always able to establish optimal implementation 
conditions. A limited pool of capable technical staff 
contributes to this limitation. Forestry faculties in 
Latin America, but also in many other locations in the 
world, are slow in adjusting their education curricula 
to train a cadre of forestry experts who have a broad 
understanding of the issues and who have the required 
skills (Pokorny et al. 2008). Forestry development in-
itiatives often have to hire personnel who move from 
initiative to initiative, which creates vested interests 
for a continued stream of new initiatives.
As a last point, commentators are increasingly 
arguing that Amazon forest-based societies operate 
according to their own practices, values, preferences, 
and priorities (Henkemans 2001, Gasché 2004 and 
2007, Varese 2005, Lynam et al. 2007, Chirif 2009). 
The value-laden visions and perceptions of the de-
velopment actors differ from the forestry producers 
receiving external assistance to the extent that any 
successful outcome is hardly to be expected. Forestry 
development experts have, in many occasions, failed 
to adequately understand these local realities, and 
neither have they been able to adjust their modus 
operandi according to these local realities. Accord-
ing to Gasché (2002, 2007), development experts 
operate from an innate sense of self-superiority and 
subsequently fail to appreciate the practices, val-
ues, preferences, and priorities of their forest-based 
interlocutors. In addition, development experts do 
not know or apply the adequate methods that are 
required to overcome the fundamental differences in 
socio-cultural realities between them and local for-
est managers. In view of this, many experts suggest 
that “living together” and “mutual learning” between 
development experts and local interlocutors is neces-
sary to overcome these differences (Gasché 2002, 
Overing and Passes 2000, Campbell and Sayer 2003, 
Sayer and Campbell 2004, Evans et al. 2008).
In many locations, it is not easy to make export-
oriented forest product value-chains, or opportunities 
to improve the livelihoods of rural forest stewards, 
more compatible with socio-economic and cultural 
realities of tropical forest community and small-
holder producers. This is not to say that there is no 
possibility or no need to do so. Rural forest producers 
are not stagnant, nor do they want to be; they have 
aspirations and many pressing needs. Where these 
shortcomings are to be resolved, a link between rural 
realities and the wider national, regional, or inter-
national community is one of only a few available 
options. However, to date, too often, efforts to ad-
dress genuinely local needs and at the same time ad-
dress the needs of the wider society have yet to have 
been pursued with adequate understanding of the 
mismatches between local rural realities and models, 
and those that characterise the economic and social 
life of societies outside this rural reality.
The community forestry development establish-
ment has indeed observed the self-generated forestry 
models, but has failed to interpret those adequately 
to propose forestry development models that are ac-
ceptable to local forestry protagonists. Externally 
proposed forestry development models do not last 
unless they are rooted in the local social structures, 
economies, and value systems. If they don’t meet 
these conditions, they become ephemeral and consti-
tute a drain on national and international resources. 
Even though linking to export markets appears to 
be necessary in order to achieve some significant 
economic benefits, they are not the best departure 
points from which to design new models, unless 
those models have truly been adjusted to local real-
ities. And the only ones who can truly judge whether 
or not that is the case, are the local producers, and 
nobody else.
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Abstract: The forests and people of three East African countries – Kenya, Tanzania, 
and Uganda – are diverse but share many economic, geographic, ecological, political, 
and socio-cultural characteristics. Although the impacts of climate change on forest 
landscapes in the region are still limited, major threats that need to be overcome 
include the heavy dependency of local communities on forest resources for income 
and fuelwood, and the conversion of forest land to agriculture in response to pressure 
from a rapidly increasing population. The underlying drivers of deforestation and forest 
degradation in the region are complex, and some lie outside the forestry sector. The key 
drivers of deforestation include failure to implement policies and legislation governing 
the use of forest resources, and the inability to monitor and enforce forest rules due 
to the prevalence of corruption, political interference, and political failure. The regional 
governments have put in place several initiatives to help resolve many of the above 
challenges. These include decentralisation, increasing recognition of the role of com-
munities in the management of forests, increasing roles of the private sector and local 
communities in forest plantation development, and recognition of Clean Development 
Mechanism and Reduced Emissions from Deforestation and Degradation mechanisms 
to reduce deforestation and increase afforestation efforts.
Keywords: deforestation, population pressure, decentralisation, Kenya, Tanzania, Uganda, 
forest policy, governance
■
17.1 Introduction
The forests and people of the three East African 
countries of Kenya, Tanzania and Uganda, all for-
merly under German and British colonial rules, are 
diverse but share many economic, geographic, eco-
logical, political, and socio-cultural characteristics. 
The region has a remarkably wide variety of forests 
that support a wealth of biological diversity and en-
demism among plants, birds, and mammals. It is also 
famous for its savannah ecosystems that are home to 
big herds of large mammals.
Climate change in the region is already threaten-
ing the ecosystems, and the livelihoods that depend 
on them, at the regional, national, and local levels. 
The main impacts of climate change are envisaged 
to affect food security through increasing occurrence 
of droughts and floods; scarcity of water resources; 
increasing rainfall in the medium and high altitude 
areas, which will accelerate soil erosion and land 
degradation; increasing conflicts; and rising unem-
ployment (IPCC 2007).
Unfortunately, policy makers and natural re-
sources managers in the region have little informa-
tion about how the management of natural resources 
may respond to these emerging local socio-econom-
ic, institutional, and other recent major global drivers 
of change (Place and Otsuka 2000). In this chapter, 
we focus on the impacts of the local economic, po-
litical, and social parameters of forest resources in 
the region. We argue that the local drivers are more 
likely to shape East Africa’s future forest develop-
ment more than the three recent major global driv-
ers of change, namely climate change, demand and 
payment for environmental services, and changing 
energy markets (as discussed in previous chapters of 
this book). However, when the local drivers intersect 
with global drivers of change, they introduce new 
REgIonAL ExAmpLES oF FoRESt RELAtED 
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challenges that require innovative local responses 
that will be different for each locality. This chapter 
seeks to identify and analyse:
◆ the local drivers of change in forest landscapes in 
Kenya, Tanzania, and Uganda;
◆ the effectiveness of policies and strategies put in 
place to respond to these challenges; and
◆ provide recommendations for improving perfor-
mance of the various forest ecosystems in East 
Africa.
17.2 major East African 
Forest types
The major East African forest types include tropi-
cal/subtropical forests, forest plantations, miombo 
woodlands, savannah acacia woodlands, and man-
groves. These broad categories by countries are sum-
marised in Table 17.1; broad legal status categories 
are shown in Table 17.2.
The three national governments, forest managers, 
and development agencies in the region still face 
the dilemma of balancing conservation and forest 
exploitation. At present, exploitation efforts far ex-
ceed conservation efforts, which has led to drastic 
loss of forest cover. For example, the loss of forest 
cover between 1990 and 2005 was estimated at 5%, 
15%, and 26% in Kenya, Tanzania, and Uganda, re-
spectively (FAO 2001, 2007). Deforestation in the 
region has continued at an estimated rate of 2.2% 
(Table 17.3).
The spatial distribution of deforestation and deg-
radation is not uniform throughout the region. The 
majority of forests in Kenya are in protected areas 
(98%), and the current annual rate of deforestation 
is estimated to be 0.2% (Table 17.3). Currently, 
Uganda and Tanzania have the highest annual rate 
of deforestation in the region. In Uganda, studies 
have shown that most deforestation occurs in forests 
on private land, which constitutes 70% of Uganda’s 
forest cover (FD 2003). In Tanzania, also 70% of 
the country’s forests are outside the protected area 
network. Forest cover fell by 15% between 1990 and 
2005, and the deforestation rate has accelerated since 
2000 (Milledge et al. 2007). Most of the deforesta-
tion also occurs on forests that are not reserved.
17.3 threats and Challenges in 
the Various Forest Ecosystems 
in the Region
The colonial governments in all three of these East 
African countries established a comprehensive net-
work of protected areas at the beginning of the 20th 
century to ensure a sustainable supply of economic, 
social, and environmental services from their for-
est resources. Large forest areas, usually the most 
fertile flat lands and gentle slopes, were cleared and 
reclaimed into plantations for cash crops like sug-
arcane, tobacco, coffee, and rubber.
The region’s forest resources still continue to 
contribute significantly to poverty eradication, wealth 
creation, and the modernisation of the economies of 
these countries. For example, at present, forest re-
sources contribute directly to the livelihoods of over 
50% of the region’s population that lives below the 
poverty line (MAAIF 2000), and indirectly support 
the environment that nourishes agriculture and sup-
plies food for rural communities. This is especially 
true in areas where local people live in a close rela-
tionship with forests and depend upon them for their 
survival and well-being. There is an increasing body 
of economic literature demonstrating the economic 
importance of forests to both rural people and nations 
that, in the past, was not included in the national 
accounts (FAO 1999, Moyini and Muramira 2002, 
Bush et al. 2004).
There are several economic, political, and social 
dynamics that have and continue to shape the use 
and transformation of East African forest landscapes 
today. In this section we analyse these drivers and 
dynamics that are shaping the use and transforma-
tion of the different forest types and landscapes in 
the region.
17.3.1Tropical High Forests in Kenya
In Kenya, loss of forest cover is predominantly high 
in the Montane and Western tropical high forest 
ecosystems. The decline in these two forest types 
is driven mostly by expansion of agriculture into 
forest lands, and increasing demand for timber for 
the fast-growing housing and construction industry 
(Table 17.4).
The major threats to these two ecosystems include:
High population pressure
There is high population pressure within the Lake 
Victoria basin, where these two forest ecosystems are 
found (Müller and Mburu 2008). The high population 
with limited alternative livelihoods has had adverse 
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table 17.1. East African major forest types and their area coverage.
Forest type Forested area in million ha
 tanzania Kenya uganda
Tropical high forests (other than mangrove forests) 1.06 0.16 0.92
Forest plantations 0.08 0.12 0.035
Mangrove forests 0.12 0.8 _
Miombo woodlands 20.16 – _
Savannah Acacia woodlands 12.14 2.5 3.9
Total 33.56 3.56 4.90
Source: Republic of Kenya 1994, URT 1998, FD 2003.
table 17.2. Legal status of forested land in East Africa.
Legal status Forested area in million ha
 tanzania Kenya uganda
Forest reserves 12.52 1.64 0.73
Forests/woodlands within national parks, 2.00 0.5 0.73
Non-reserved forest land 19.04 1.42 3.46
Total 33.56 3.56 4.92
Source: Republic of Kenya 1994, URT 1998, FD 2003.
table 17.3 temporal and spatial changes in forest cover in East Africa.
 Forest type Area 1990 Area 2005 Change rate
  (ha) (ha) per year (%)
Uganda THF well stocked 651 110 580 011 –0.73
 THF low stocked 273 061 187 147 –2.10
 Woodlands 3 974 508 1 679 558 –3.85
Kenya Montane forests 2 359 767 2 334 767 –0.34
 Dry forest (Savannah Acacia woodlands) 2 000 000 1 975 000 –0.11
 Coastal forests (including mangroves) 167 000 165 000 –0.12
 Western tropical rainforests 697 295 672 295 –0.24
Tanzania Miombo woodlands 22 129 000 – –0.39
 Savannah Acacia woodlands 10 214 000 –
 Coastal forests (including mangroves) 200 000 –
 Eastern Arc and other Montane Catchment forests 1 141 000 –
Sources: FAO 2010.
impacts on the forest resources. For example, 20 000 
Ogiek residents adjacent to the Mau forest, thousands 
of loggers, squatters, tea-planters, and communities 
of resettled people, have all had a severe impact on 
the forest. Because the Mau is an important water 
catchment area, and because the forest has shrunk 
by 25% over the last 20 years, Kenyan officials are 
worried about permanent environmental damage and 
are telling residents they must leave.
Pressure for land excision by government
A total of 165 000 ha, and 160 000 ha were excised 
for resettling communities evicted or displaced by 
civil conflicts in 1988 and 1992, respectively. In 
2001, 67 000 ha were excised in Mt Kenya, Mt. El-
gon, Marmeru, and south Nandi forests. Records on 
excisions in Kenya indicate that a total of 390 000 ha 
have been officially degazetted, and another 67 000 
ha proposed for degazetting in the Mau forest com-
plex (Sena 2006, Kimani et al. 2007, Baldyga et al. 
2008).
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table 17.4 Forest ecosystem types and the dynamics shaping the use and transformation of 
forest landscapes in Kenya.
Forest 
type
tenure/ 
Institutional 
arrange-
ment
Dynamics 
leading to 
changes in forest 
landscape
Weaknesses undermi-
ning institutional ability 
to address emerging 
challenges 
principal opportunities 
to address emerging 
socio-economic chal-
lenges
Montane 
forests
Mostly 
govern-
ment forest 
reserves and 
a few pockets 
of communal 
and private 
forest land 
Illegal timber har-
vesting, agricultu-
ral encroachment 
(Bang growing), 
over-grazing, char-
coal production, 
squatters, hunting 
High population pressure, 
pressure for land excision 
by government, lack of 
alternative livelihoods, 
weak forest governance 
institutions and corruption, 
unclear boundaries, inade-
quate financial and human 
resources to enforce the 
law
High ecotourism poten-
tial, potential for carbon 
trade, existence of the 
National Forest Plan, 
Forest Nature Con-
servation Master Plan, 
Forest Policy and Forest 
Act to halt deforestation, 
enabling law to develop 
Joint Forest Management 
partner-ships, democra-
tisation, decentralisation, 
and governance reforms 
in the forest sector 
Dry forest 
(Acacia 
Savannah 
woodlands)
Mostly 
owned by lo-
cal communi-
ties and Local 
Government 
Authorities 
Charcoal and 
firewood harves-
ting, subsistence 
farming, grazing 
and migration 
for settlement, 
urbanisation
Lack of alternative energy 
sources, communal grazing, 
pastoral traditions and 
norms, poor charcoal 
harvesting methods, priva-
tisation of the commons, 
limited incentives to sustai-
nable savannah woodland 
management, weak forest 
governance institutions and 
corruption, political inter-
ferences, inadequate finan-
cial and human resources 
to enforce the law
Tourism, community-
based tourism initiati-
ves as an incentive for 
conserving the forests 
woodlands, exploitation 
of mineral resources, 
promotion of energy 
conservation technolo-
gies, improve livestock 
farming practices through 
enclosures and privatisa-
tion of commons, carbon 
trading as they offer large 
carbon sinks
Coastal 
Forests 
(including 
mangroves)
Government 
forest reser-
ves 
Illegal harvesting 
of forest pro-
ducts, salt pans, 
forest plantations 
and agriculture
Low appreciation of 
forest biodiversity by the 
surrounding communities, 
better profitability of alter-
native land uses (tourism), 
weak forest governance 
institutions and corruption, 
urbanisation
Sacred sites play a crucial 
role in conservation of 
the forests, commercial 
fishing and other marine 
life, gazettement of parts 
of the forest as national 
monuments and histo-
ric sites, ecotourism, as 
alternative sources of 
livelihood
Western 
Tropical 
High Fo-
rests
Govern-
ment forest 
reserves and 
national parks
Illegal logging, sub-
sistence agricultu-
re, overgrazing
High population pressure, 
political interference, low 
appreciation of the forest 
biodiversity by the forest-
adjacent communities, slow 
restructuring process of 
the forestry sector, forest 
boundary conflicts
Community-based 
ecotourism, domesti-
cation of valuable tree 
species in homes around 
the forests, national and 
international interest for 
biodiversity conservation
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17.3.2 Savannah Acacia Woodlands of 
Eastern Kenya
Loss of forest cover in the dry woodland forests of 
eastern Kenya is mainly due to fuelwood harvesting 
and grazing. The weaknesses that undermine insti-
tutional ability to address the challenges of increas-
ing demand for fuelwood and grazing in the dryland 
forests of Kenya include:
◆ lack of alternative energy sources
◆ pastoral traditions and norms, including commu-
nal grazing
◆ privatisation of parts of the woodlands, thereby 
excluding transhumant grazers
◆ limited incentives to sustainable savannah wood-
land management
◆ low appreciation of forest biodiversity by the sur-
rounding communities
◆ better profitability of alternative land uses, such 
as tourism and commercial ranching
These weaknesses are aggravated by the lack of clear 
land use policy, unpredictable rainfall, and the pro-
longed droughts that regularly occur in this region.
17.3.3 Mangrove Forests of Eastern 
Kenya and Tanzania
Loss of forest cover in coastal forests of eastern Ke-
nya and Tanzania is relatively low and is caused by 
rapid urbanisation and firewood collection. About 
70% of the population along the Kenyan coast de-
pends on mangrove forests for fuelwood and poles 
for house construction (Mohamed et al. 2009). The 
recent boom in tourism in the area over the last few 
decades has led to an increasing demand for man-
grove poles for construction of restaurants, hotels, 
and holiday resorts.
17.3.4 The Miombo and Savannah 
Acacia Woodlands of Central and 
Southern Tanzania
Miombo woodland is one of the most extensive dry 
forest vegetation types in Africa, occurring in seven 
countries in eastern, central, and southern Africa; 
namely Angola, Malawi, Mozambique, Tanzania, 
Zaire, Zambia, and Zimbabwe (White 1983). Mi-
ombo woodland is dominated by the legume family 
Caesalpiniaceae (Celander 1983, White 1983). The 
woodlands cover about 20 million hectares in Tan-
zania (Table 17.1), and are important to the liveli-
hoods of many rural and urban people, who depend 
on the resources, particularly for fuelwood (Luoga 
et al. 2000a).
The acacia savannah woodlands are mostly found 
in central and northern parts of Tanzania. In the north, 
they form extensive famous national parks. Although 
the miombo and acacia savannah woodlands are 
sparsely populated, loss of forest cover is predomi-
nantly high in these ecosystems. The major threat 
to the forests here are the slash-and-burn farming 
systems practised in the area due to the occurrence 
of long dry seasons with low rainfall (Table 17.5), 
and the lack of legal protection since most of the 
forests in these ecosystems exist outside protected 
areas (Luoga et al. 2000b). Close to urban centres, 
demand and consumption of timber and fuelwood is 
also steadily increasing in response to economic and 
population growth. Extensive deforestation has also 
occurred near roads as a result of non-sustainable 
forms of agriculture and production of sawn timber 
and charcoal (Luoga et. al. 2005).
17.3.5 Tropical High Forests (Coastal 
and Eastern Arc Montane forests) in 
Eastern Tanzania
The Coastal and Eastern Arc is a chain of ancient 
mountains covered by rainforests and grasslands. 
These forests provide many resources and environ-
mental services to the local communities and cities 
in the area, such as water for electricity generation, 
agriculture, industry, and domestic use. The forests 
and mountains of the Eastern Arc also support a vi-
brant tourism industry. Many thousands of species 
of plants and animals are endemic to these forests 
(White 1983).
Loss of forest cover in the Eastern Arc Mountains 
is relatively low compared to coastal forest cover 
types. Most of the Eastern Arc forests and other 
montane forests around northern volcanic mountains 
are managed under Joint Forest Management (JFM), 
where local communities and the central government 
are the main stakeholders. This approach has yielded 
positive results not only in montane catchment for-
ests (Luoga et al 2005), but also in government forest 
reserves that are covered with woodlands (Kajembe 
and Kessy 2000).
There is a higher loss of forest cover in the forests 
located outside the protected areas due to conversion 
to farmland, establishment of bio-fuel plantations, 
unsustainable timber and fuelwood harvesting, and 
uncontrolled fires. Loss of forest cover is aggravat-
ed by increasing demand for charcoal, timber, and 
building poles due to high population pressure, rapid 
urbanisation, outdated forest management plans, and 
government policies that encourage bio-fuel planta-
tion development, which threatens coastal forests in 
particular (WWF-TPO 2009).
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17.3.6 Tropical High Forests in Uganda 
(well stocked)
The tropical high forest in Uganda consists mainly 
of lowland evergreen or semi-deciduous rainforests 
with a canopy up to 50 m with several storeys of 
trees. A subtype of this vegetation type, the Cyn-
ometra zone, which occurs at 700–1200 m in the 
lowland areas of Uganda, covers most of Uganda's 
potential forest zone (Hamilton 1984).
According to the National Forest Authority (NFA 
2005), the rate of deforestation in Uganda is esti-
mated at 0.73% in the well-stocked Tropical High 
Forests. These forests predominantly occur in na-
tional parks, where the Uganda Wildlife Authority 
(UWA), together with the resource use and boundary 
management village committees under collaborative 
resource management arrangements, monitor and 
enforce park rules. Collaborative resource manage-
ment has proved successful in some areas, and not 
so successful in others. For example, agricultural 
encroachment in some parts of Mt. Elgon National 
Park resulted in the clearance of 25 000 ha of virgin 
forest between 1980 and 1990 (NFA 2007). At about 
the same time, over 10 000 hectares of forest were 
cleared by encroachers in Kibaale National Park in 
the Kabarole district of south-western Uganda. The 
major threat in this forest ecosystem is demand for 
agricultural land.
17.3.7 Tropical High Forests in Uganda 
(low stocked)
The heavily felled and encroached-upon tropical 
high forests are located in central Uganda within 
the fringes of the Lake Victoria crescent. Most of 
table 17.5 Forest ecosystem types and the dynamics shaping the use and transformation of 
forest landscapes in tanzania.
Forest type tenure/ 
Institutional 
arrangement
Dynamics leading 
to changes in fo-
rest landscape
Weaknesses under-
mining institutional 
ability to address 
emerging challen-
ges 
principal opportu-
nities to address 
emerging socio-eco-
nomic challenges
Miombo 
woodlands
Mostly outside 
protected are-
as in general, 
and village 
lands
Agriculture (e.g., 
tobacco in Tabora 
area) and charcoal 
close to cities
Most miombo 
woodlands exist out 
of protected areas; 
lack of incentives for 
sustainable manage-
ment of woodlands, 
improvement in 
accessibility
Many non-extractive 
forestry related 
enterprises (bee-
keeping, tourism) and 
collection of non-
wood products, such 
as mushrooms
Acacia Savan-
nah woodlands
Mainly in pro-
tected areas, 
including game 
reserves
Fuelwood, poles, 
subsistence farming, 
grazing
Attractive to lives-
tock keeping and 
crop farming and 
therefore potential 
areas for farmers-
pastoralist conflicts
Game parks for 
tourism
Coastal Fo-
rests (including 
mangroves)
Mainly Nature 
Forest Re-
serves along 
coastal strip
Illegal logging, poles, 
charcoal, boat buil-
ding and salt pans, 
biofuel plantations, 
and agriculture
Outdated forest 
management plans, 
weak forest gover-
nance institutions and 
corruption, urbani-
sation
Commercial fishing 
and other marine life, 
gazettement of mari-
ne parks, ecotourism 
as alternative sources 
of livelihood
Eastern Arc 
and other 
Montane 
Catchment 
Forests
Mainly na-
tional forest 
reserves 
and nature 
reserves 
Agricultural en-
croachment, illegal 
logging, slash-and-
burn farming
High population 
pressure, political 
interference, low 
appreciation of the 
forest biodiversity by 
the forest-adjacent 
communities
Participatory forest 
management, biodi-
versity and domes-
tication of valuable 
species, PES and 
REDD initiatives
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table 17.6 Forest ecosystem types and the dynamics shaping the use and transformation of 
forest landscapes in uganda.
Forest 
type
tenure/ 
Institutio-
nal arrange-
ment
Dynamics 
leading to 
changes in fo-
rest landscape
Weaknesses undermining 
institutional ability to 
address emerging challen-
ges 
principal opportunities to 
address emerging socio-
economic challenges
THF well 
stocked
Mostly in 
forest reser-
ves, national 
parks and 
private land
Selective timber 
logging, sub-
sistence and 
commercial 
agriculture, 
commercial 
fuelwood
Population pressure, lack of 
alternative livelihoods, weak 
forest governance institutions 
and corruption, unclear boun-
daries, political interferences, 
Inadequate financial and 
human resources to enforce 
the law, changes in traditions, 
cultural values and norms
Existence of the National 
Forest Plan, Forest Nature 
Conservation Master Plan, 
forest policy and Forest Act 
to halt deforestation, plan for 
modernisation of agriculture 
to improve farming practices, 
enabling law to develop colla-
borative forest management 
partnerships, democratisa-
tion, decentralisation, and 
governance reforms in the 
forest sector 
THF low 
stocked
Mainly 
in forest 
reserves, 
customary 
and private 
land 
Selective timber 
logging, illegal 
pitsawing, char-
coal, subsistence 
and commercial 
farming, settle-
ment
Better profitability from alter-
native land uses, limited incen-
tives to private forest owners, 
unclear land and tree tenures, 
population pressure, lack of 
alternative livelihoods, weak 
forest governance institutions, 
corruption, unclear bounda-
ries, political interferences, 
inadequate financial and 
human resources to enforce 
laws, changes in traditions, 
cultural values and norms
Institutional support to 
private and customary land 
owners to address challenges 
of deforestation, supportive 
legislation to halt deforestati-
on, modernisation of agricul-
ture for improved livelihoods, 
enabling law to develop colla-
borative forest management 
partnerships, decentralisation 
and governance reforms in 
the forest sector, existence 
of PES and REDD initiatives 
Wood-
lands
Mainly 
customary, 
private 
and forest 
reserves 
and national 
parks
Overgrazing, 
charcoal, forest 
plantation 
development, 
agriculture, 
commercial ran-
ching, hunting, 
civil war 
High cost of alternative forms 
of energy, communal grazing, 
pastoral traditions and norms, 
poor charcoal harvesting 
methods, privatisation of the 
commons, better profitability 
from alternative land uses, 
limited incentives to sustai-
nable woodland management, 
unclear land and tree tenure, 
weak forest governance insti-
tutions, corruption, unclear 
boundaries, political interfe-
rence, inadequate financial 
and human resources for law 
enforcement, conflicts and ci-
vil war and internally displaced 
peoples’ camps
Promotion of energy con-
servation technologies, land 
and tree tenure reforms, es-
tablishment of compensatory 
forest plantations, Plan for 
modernisation of agriculture 
to improve livestock farming 
practices, decline in level 
of conflicts and civil war in 
Northern Uganda 
Forest 
Planta-
tions
Mostly in fo-
rest reserves 
and private 
land
Grazing and 
forest fires
Loss of access by local com-
munities to forest resources, 
loss of biodiversity
Existence of incentives for 
private forest plantation 
development, supportive 
legislation for afforestation/
reforestation, high demand 
for timber and poles, forest 
carbon trade initiatives
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these are secondary forests and occur on private land, 
forest reserves, and customary lands that have a long 
history of human occupancy, cultivation, and fire 
(which is used to maintain grazing lands). Selective 
logging, pitsawing, and subsistence and commer-
cial farming are the major drivers of deforestation in 
this forest ecosystem (Table 17.6). About 2.7 million 
people (15% of the population) live in parishes that 
neighbour forest reserves in this ecosystem (Jacovelli 
and Caevalho 1999).
Although some private forest owners and clan 
leaders are conservation-minded and have both the 
traditional respect and the financial ability to enforce 
and monitor harvesting levels in their forests (Becker 
et al. 1995, Banana et al. 2007), a proportionately 
high number of privately owned forests have been 
converted to agriculture. Nearly 1.3 million ha of 
forests located outside the protected area system 
(private, community, and local forests) have been 
lost over the last 15 years, whereas 91 000 ha have 
been lost in government forest reserves mainly due 
to subsistence and commercial farming in this forest 
ecosystem.
17.3.8 Savannah Acacia Woodlands of 
Central and Northern Uganda
This ecosystem has experienced the highest rate 
of deforestation (3.85% between 1990 and 2005) 
in Uganda (FAO 2007). Most of the woodlands in 
Uganda occur outside the gazetted forest reserves 
– on customary land in northern Uganda and on pri-
vate land in the cattle corridor of central Uganda. 
The high rate of deforestation and degradation is 
caused by better economic returns that accrue from 
the alternative land uses, such as charcoal produc-
tion, cattle-keeping, subsistence agriculture, and 
commercial ranching. The government policy estab-
lishing forest plantations in the woodlands has also 
led to accelerated conversion of forest land in this 
ecosystem. In addition to charcoal burning, grazing, 
and subsistence farming, civil war has also signifi-
cantly affected land use and land cover changes in 
the savannah woodlands of central (in the 1980s) 
and northern Uganda (1986–2005). Northern Uganda 
has experienced civil war for the last two decades 
and the local communities have been living in in-
ternally displaced peoples’ (IDP) camps. Landsat 
images from the mid-1980s show that the movement 
of large numbers of people – up to 1.5 million – to 
IDP camps has enabled the vegetation to recover, but 
has also led to degradation of vegetation around the 
camps and urban centres where they have resettled 
(Nampindo et al. 2005).
17.4 Weaknesses that under-
mine Institutional Ability to 
Address the threats and 
Challenges
The key weaknesses that undermine institutional 
ability to address the threats and challenges in the 
forest sector include:
◆ Corruption, political patronage, political inter-
ference, lack of political good will, and lack of 
commitment to employ the best forest manage-
ment practices. These have led to poor governance 
and weak forest law enforcement, which results 
in non-collection of revenue, deforestation, and 
forest degradation.
◆ A major focus on government forests with limited 
incentives for private forest owners to keep their 
land under forest cover. In Uganda and Tanzania, 
70% of the forests occur on private and public 
land that is outside the protected area network. 
Often, alternative land uses, such as subsistence 
and commercial agriculture and livestock keeping, 
are more profitable than keeping the land under 
forest (Namaalwa et al. 2001). Forests are not just 
the domain of foresters in reserved forests, but are 
part of the social, political, and economic fabric 
of the region.
◆ Lack of clearly defined and enforceable property 
rights in the majority of the regions’ woodland 
forests leads to a de facto open access situation 
and is one of the major causes of deforestation in 
these ecosystems.
◆ Weak and conflicting policies, coupled with poor 
implementation of policies in place in different 
areas, has led to poor governance of the natural 
resources in this region.
It is the corruption, political interference, and lack 
of political will at both local and national levels that 
most undermine the institutional ability to monitor 
and enforce forest rules and regulations that have 
led to deforestation and forest degradation. Illegal 
logging and encroachment on forest lands are fuelled 
by both political interference and corruption. Ac-
cording to Transparency International’s 2005 and 
2009 Corruption Perceptions Indexes, all of these 
three East African countries scored less than 3 out of 
a possible score of 10, indicating very serious levels 
of corruption in the region (Transparency Interna-
tional 2009). The recent de-gazettement of forest 
reserves for establishment of large scale agricultural 
plantations in Kenya and Uganda, excisions and il-
legal/unauthorised occupation/acquisition or use of 
forest land for various uses by the politically strong, 
are examples of conflicting government policies and 
political interference, respectively.
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photo 17.1 Agricultural encroachment on forest land in mpigi district, uganda.
photo17.2 Cattle grazing in malamagambo forest in Rakai district, uganda.
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The response of civil society to the high level of 
corruption and political interference and conflicting 
government policies has been the formation of advo-
cacy groups – such as the Green Belt Movement in 
Kenya, Environmental Alert in Uganda and Tanzania 
Association of foresters in Tanzania – demanding 
better management of forest resources. These advo-
cacy groups conduct educational campaigns to raise 
awareness about the environment and civic empow-
erment in addition to ensuring that local peoples’ 
voices in the region are heard at the global level. In 
recognition of her work, Professor Wangari Maathai, 
founder of the Green Belt Movement in Kenya, was 
awarded a Nobel Peace Prize in 2004 for her work 
in mobilising the rural poor people in the region to 
advocate for good forest governance and for planting 
indigenous trees for sustainable development.
The relatively high level of public environmental 
awareness and a strong network of environmental 
advocacy groups have increased public resistance to 
corruption and poor governance of the forest sector. 
In 2006, the public and civil society successfully re-
sisted the conversion of the Mabira forest reserve to 
sugarcane growing. Similarly, the recent governance 
reforms in the forest sector are partly a response by 
the regional governments to the public outcry about 
the poor condition of the forests in their regions.
17.5 governments’ policies, 
Strategies, and Interventions 
to Address the threats and 
Challenges
Over time, the governments in the region have for-
mulated policies and regulations that are intended 
to encourage sustainable management and use of 
forest resources so they can improve local liveli-
hoods and contribute to regional, national, and global 
economies.
17.5.1 Responses to Increasing 
Demand for Forest Products
Institutional and management responses to the in-
creasing demand for forest products include:
A ban on harvesting timber and charcoal from 
tropical high forests
The governments in the region banned the harvest-
ing of timber from the central government tropical 
forest reserves in the early 1990s. Timber conces-
sions in tropical high forests were suspended and 
the population was encouraged to use softwood 
timber harvested from plantations established in the 
late 1950s and early 1960s. However, the ban on 
harvesting timber and charcoal from tropical high 
forests has not been effective, and illegal logging 
and commercial fuelwood harvesting continues in 
these forests (Falkerberg and Sepp 1999). Despite 
this ban, Tanzania’s timber exports have grown by 
1400% in value since 1997. Concerns over defores-
tation led the government to ban the export of logs 
in July 2004. However, the regulations were not 
effectively enforced and illegal logging continued 
almost unabated. A report by TRAFFIC estimated 
that Tanzania lost USD 58 million a year in 2004 in 
timber revenue due to poor governance and corrup-
tion in the forestry sector (Milledge et al. 2007). In 
early 2006, the government reinforced the export 
ban on logs and sandalwood. In addition, 100 mil-
lion trees were planted between 1990 and 2006 in 
an attempt to address the damage caused by illegal 
timber harvesting (Milledge et al. 2007). According 
to TRAFFIC, there are substantial volumes of illegal 
timber importation in the region from Democratic 
Republic of Congo and Sudan.
As a measure to control illegal logging, a tim-
ber chain of custody has been implemented by the 
regional governments. Legally harvested timber is 
stamped to minimise illegal trade, control harvesting, 
monitor origin of forest product, and provide data 
on harvested volumes (Milledge and Elibariki 2005, 
Mwima et al. 2006). A forest product declaration 
form is issued to the timber owner that indicates the 
details of timber volume, forest of origin, and tree 
species. This serves as evidence that the timber has 
been legally acquired. A regional Forest Law En-
forcement, Governance, and Trade (FLEGT) process 
has been launched under the auspices of the East 
African Community (EAC) to control illegal timber 
trade and strengthen enforcement of forest laws in 
the region (Milledge et al. 2007).
A ban on the use of chain saws in processing
hardwood logs into timber
In order to promote efficient processing of saw logs 
and to reduce the rate of forest clearance by local 
people, a ban on the use of chainsaws in felling and 
sawing of logs was put in place in the 1990s because 
this timber production method is wasteful and char-
acterised by low timber recovery. However, imple-
mentation has not been successful due to difficulties 
in monitoring and enforcement of the law. The ban 
on the use of chainsaws also meant that local com-
munities could no longer engage in timber harvest-
ing; concessions were left mainly to large companies 
since the local communities lacked capital and were 
not well enough organised to apply for large timber 
harvesting concessions.
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Promotion of agro-forestry practices
In the region, agroforestry continues to contribute 
significantly to the supply of tree products and ser-
vices. Agroforestry has evolved from the traditional 
retention of useful trees to promotion of fast-growing 
multi-purpose trees and shrubs geared towards soil 
fertility improvement, fuelwood, and fodder produc-
tion. For example, the coffee-banana homegardens 
in central Uganda, the homegardens of Bukoba in 
northwestern Tanzania, and the Chagga homegar-
dens on the slopes of Mt. Kilimanjaro in Tanzania 
(Rugalema et al. 1994) are very productive and bio-
diversity-rich agroforestry farming systems.
The Chagga homegardens system is a unique 
agroforestry farming system on the southern and 
southeastern slopes of Mt. Kilimanjaro. Typical of the 
agri-silvicultural system of the Chagga homegardens 
is their multilayered vegetation structure, similar to a 
tropical montane forest. The growth form spectrum 
displays herbs, trees, shrubs, lianas, and epiphytes. 
Apart from some cultivated fruit trees, such as avo-
cado and mango, or the introduced timber trees, such 
as Silk oak (Grevillea robusta) and Mexican cypress 
(Cupressus lusitanica), most of the trees species are 
remnants of the former forest cover. Most widespread 
are Nnongo (Albizia schimperiana), South African 
quinine tree (Rauvolfia caffra), Large-leaved cordia 
(Cordia Africana), and Kanniedood (Commiphora 
eminii)(Hemp 2006).
In the savannah acacia and miombo woodlands, 
trees are managed in the grazing system as a means of 
supplementing animal feed or to provide high quality 
fodder in times of drought when grass is scarce (Agea 
et al. 2007). The tree fodders contain high levels of 
crude protein and minerals, and many show high 
levels of digestibility. They are readily accepted by 
livestock farmers because they continue to produce 
well into the dry season due to their deep root sys-
tems. There are abundant niches in Kenya on small 
farms where fodder trees can be grown without af-
fecting crop production. For example, in Kenya’s 
Embu region, it has been estimated that 3 kg of fresh 
fodder of Calliandra calothyrsus has the same effect 
on milk production as 1 kg of commercial dairy meal. 
The tree fodder can either replace the concentrate 
without loss of yield, or it can complement it to pro-
duce more milk (Paterson et al. 1998).
Establishment of industrial forest plantations
In the past, there has been limited investment in for-
est plantation development in the region. The recent 
national forest plans promote private sector invest-
ment in plantation development to relieve pressure 
on the rapidly diminishing tropical high forests. In 
Uganda, the National Forestry Authority and the 
Sawlog Production Grant Scheme, which is a special 
fund from the European Union aimed at attracting the 
private sector to establish commercial timber planta-
tions in Uganda, have prepared a Plantation Develop-
ment Strategy that envisages a total of 150 000 ha of 
fast-growing commercial timber plantations by 2025. 
Most of these plantations are to be established in the 
woodland forest reserves that have undergone mas-
sive degradation as a result of charcoal burning and 
cattle grazing (NFA Annual Report 2005/2006). In 
addition, large scale forestry companies have been al-
located land to establish plantations in forest reserves 
under the Clean Development Mechanism (CDM). 
These incentives have made plantation development 
a profitable business in the region. Softwood plan-
tation developments in Kenya and Tanzania have 
focused on the protection of water catchments and 
rehabilitation of degraded forests.
17.5.2 Responses to the Increasing 
Conversion of Forest Land 
to Agriculture
There have been several institutional and manage-
ment responses to the increasing conversion of forest 
land to agriculture, for example:
Eviction of encroachers
According to the NFA (2009), encroachers in Ugan-
da’s government forest reserves have increased from 
170 000 to 300 000 people in the last five years (see 
Box 17.1 for causes of encroachment). The gov-
ernments in the region regularly evict encroachers 
from forest reserves. In Kenya, resettling squatters 
evicted from the forest reserves gave rise to exci-
sions of forested areas to create land for them in the 
1980s. However, there has been political interference 
whereby most of the land has been allocated to, or 
grabbed by, powerful members of the community 
and local politicians (Markakis 1999). There was 
political patronage in the allocation of land whereby 
the landless, who were the intended beneficiaries 
of the resettlement scheme, were sidelined by the 
provincial administration in favour of the elites.
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Introduction of the Plan for Modernisation of
Agriculture (PMA)
In Uganda, the Plan for Modernisation of Agriculture 
(PMA) is a government framework for eradicating 
poverty by changing the current subsistence agricul-
ture into intensive and more productive commercial 
farming. The assumption is that when PMA is fully 
implemented, a more than 60% increase in agricul-
tural production will be from increased productivity 
rather than from clearing more forest land since the 
plan emphasises agricultural intensification as op-
posed to expansion (MAAIF 2000, FAO 2001).
Use of the shamba or taungya system
The shamba or taungya system of plantation estab-
lishment allows peasant farmers to cultivate a speci-
fied forest plantation area under the agreement that 
they plant and tend tree seedlings on the land. In 
return for their labour in weeding, pruning, and for-
est protection, farmers are allowed to grow annual 
crops such as maize, potatoes, beans, peas, and other 
vegetables to meet their livelihoods needs. These 
crops are shaded out as the seedlings grow into sap-
lings, and farmers vacate the land and are allocated 
another plot. Studies in Kenya, where this practice 
has been widespread, indicate that it contributed 
significantly to local livelihoods and national food 
security, and reduced the hunger for clearing forest 
land for agriculture (Awiti forthcoming, Wamukoya 
et al. 2005).
17.5.3 Responses to Challenges  
Related to Forest Governance
To address the challenges related to forest gover-
nance, the governments have instituted different 
measures that include:
Decentralisation in the forest sector
Decentralisation, as a policy instrument, grew in 
importance as an option to improve the quality of 
forest management by giving more authority and 
control over resources to lower levels of government 
and to local communities. It is a great opportunity to 
improve transparency and accountability in the forest 
sector, but also a major challenge as many authori-
ties in the region do not want to decentralise. It is 
only Tanzania that has effectively decentralised the 
management of large forest areas to rural villages. 
The Tanzanian forest policy provides for establish-
1. Fertile forest soils. The relatively rich and vir-
gin forest soils attract encroachers because they 
employ poor farming methods and seriously de-
grade and exhaust soils outside forest reserves. 
However, this soil also gets leached much faster 
when exposed to high temperatures and heavy 
tropical rainfall, and is quickly exhausted. This 
forces encroachers to open up new land annually 
and hence to clear more forests.
2. Breakdown in law enforcement. For a long time, 
the Forest Department (FD) staff in the region 
have not been able to enforce the law. Patrols 
have been intermittent and at large intervals, 
which enables encroachers to settle unchallenged 
in forest lands.
3. Unclear forest boundaries. Many local commu-
nities that are adjacent to forests have crossed the 
boundaries, knowingly or unknowingly, since the 
boundaries are unclear. Many boundary markers 
have been destroyed and the positions of others 
altered by encroachers to obfuscate where the 
boundary is.
4. Corrupt government officials. Some corrupt for-
est officials, in connivance with other relevant 
officials, encourage encroachment.
5. Breakdown in monitoring permits. Forest of-
ficials allow some activities, like grazing and 
construction of temporary structures in CFRs, 
on renewable permit terms. Over time, many of 
these people fail to renew their permits but con-
tinue with their activities.
6. Apparent shortage of land outside CFRs. In some 
cases, local population pressure has pushed peo-
ple into adjacent CFRs.
7. Encroachment in CFRs. Often, encroachment in 
CFRs has the backing of politicians, who usually 
trade CFR land for votes. Very often, local lead-
ers are themselves encroachers and, when faced 
with eviction, tend to exaggerate the number of 
encroachers to enhance their stakes and win the 
sympathy of the public/government.
8. Lack of awareness of government policies and 
laws. Quite often, encroachers are not aware of 
the policies and laws on forestry.
9. Frequent civil wars and cattle-rustling. During 
war, people look for relatively safe places, like 
mountains and hilltops, many of which are CFRs. 
Such people never return to the lowlands even 
when the war is over; more so if there is land for 
settlement and cultivation up the hills or moun-
tains.
Box 17.1 Causes of encroachment in East African forest landscapes
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ment, ownership, and management of central and 
local government forest reserves, forests on general 
lands (non-reserved forestland), and private and 
community forests (URT 1998). To implement the 
policy, the government has supported local com-
munity involvement in forest management with the 
financial, technical, and legal framework since 1998. 
Under the Tanzanian Forest Act of 2002 (URT 2002), 
Participatory Forest Management (PFM) was insti-
tutionalised. In 2008, there were 1460 village forest 
reserves covering 2.3 million ha, and 209 central 
government forest reserves covering 1.6 million ha 
under PFM (URT 2008). This governance reform 
has led to a 66% reduction in illegal logging, es-
pecially in the miombo woodlands (Kajembe and 
Kessy 2000, Kajembe et al. 2003, National Forum 
on CFM 2008).
In Kenya and Uganda, decentralisation of the for-
est sectors have involved transfer of responsibility 
for forest resources management from the central 
government forest departments to autonomous gov-
ernment agencies and local governments, but it has 
not changed the ownership of the land. In 2005, the 
Kenya forest department was transformed into Kenya 
Forest Service – an autonomous body charged with 
management of forest resources. The recent Kenya 
Forest Policy (Republic of Kenya 2005) allows par-
ticipation of all stakeholders in forest management 
and conservation. Participatory forest management 
is a new concept in Kenya. Joint management agree-
ments have been made between Community Forest 
Associations (CFAs) and the Kenya Forest Service. 
At present, 120 forest reserves covering 450 000 
ha are being managed under this arrangement. The 
agreements specify user rights and benefits that ac-
crue to the CFAs (Ongugo et al. 2008). For Kenya, 
it is rather early to evaluate the outcomes of this 
initiative.
As part of the restructuring process under the 
Local Government Act (Republic of Uganda 1997) 
and the Forest Policy (Republic of Uganda 2001), the 
government of Uganda also replaced the Forest de-
partment with an autonomous profit-making body – 
the National Forest Authority (NFA) – to manage the 
country’s Central Forest Reserves (CFRs) in 2004, 
and created the District Forestry Services under the 
local governments to manage Local Forest Reserves 
(LFRs) and forests on public lands. Unlike Tanzania, 
genuine devolution of power over the management of 
forest resources to local government has been occur-
ring only to a limited extent in Uganda, even when 
decentralisation and devolution are major themes of 
the 2001 Uganda Forest Policy (Republic of Uganda 
2001). For example, only small forests gazetted in the 
early 1940s as LFRs amounting to 6000 ha have been 
transferred to the Local Government Authorities. The 
large economically viable forests gazetted as CFRs 
have been retained under the semi-autonomous NFA 
(Turyahabwe et al. 2007, 2008).
The recent Uganda Forest Policy also institution-
alised Collaborative Forest Management (CFM). The 
CFM programme is being practised in all the seven 
forest management ranges as designated by the NFA. 
The process of making agreements with communities 
is, however, slow. Only a total of 12 CFM agreements 
have so far been signed (Mupada 2008) covering a 
total of 22 000 ha of CFRs. The process is underway 
with 47 other communities located in 32 CFRs.
Ethanoforestry, a form of common property re-
gime used by communities to manage forests with 
cultural values, have a long history in the region. 
This can also be considered a form of local com-
munity participation in forest management. Sacred 
groves, some as old as several centuries, have con-
tributed to the conservation of some plant species in 
East Africa. Prominent sacred groves in the region 
include the Kaya sacred forests of coastal Kenya 
(Nyamweru et al. 2008), sacred groves of the North 
Pare Mountains of northeastern Tanzania (Sheridan 
2009), sacred groves of the Ugunda chieftaincy of 
the Wanyamwezi in central Tanzania (Mgumia and 
Oba 2003), and sacred groves of Buganda Kingdom 
in Central Uganda (Banana et al. 2008).
The possibility of using traditional religious in-
stitutions as alternative arrangements for managing 
natural resources has attracted much interest among 
academicians and policy-makers in the last decade in 
all three of the East African countries (Alden Wily 
2008, Banana et al. 2008). Tanzania’s Forest Policy 
1998 permits village religious institutions, associa-
tions, or groups to manage forests, and provides de-
tailed procedures for this in the new Forest Act of 
2002 (URT 2002). Similarly, the Kenya Forest Act 
2005 is also very explicit in its support for socio-
cultural forests (Republic of Kenya 2005). In the Act, 
sacred groves are defined and protection of cultural 
forest sites is listed as a factor to be considered in 
reserve creation.
The Uganda Land Act of 1998 (Republic of 
Uganda 1998) and the Forest and Tree Planting Act 
of 2003 (The Republic of Uganda 2003) state that, 
“Where customary forests are considered to have 
significant subsistence, economic, environmental, or 
cultural value, or where there is a history of com-
munal management through traditional systems of 
regulation and control, a local community may de-
cide to formally register ownership.” The Act also 
provides the legal framework for the registration of 
customary land and sacred groves as Community 
Forests (NFA 2003).
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Governments’ responses to over-reliance on bio-
mass energy
For the foreseeable future, both rural and urban 
communities in the region will continue to rely on 
fuelwood and charcoal as the dominant source of 
energy. Therefore, the challenge is how to make it 
more sustainable. There have been several studies to 
improve energy conservation technologies, such as 
improved cooking stoves and charcoal-making kilns 
(Mutimba and Senelwa 2007), establishment of char-
coal plantations, and promoting on-farm production 
of fuelwood through agro-forestry farming systems 
(Luoga et al. 2000a, Kalumian and Kisagye 2001, 
Mugo and Poulstrup 2003, Kituyi 2004).
The governments in the region have also re-
sponded to the challenge of over-dependency on 
fuelwood for energy by putting in place initiatives 
to increase hydroelectric power generation, improve-
ment of transmission and distribution infrastructure 
through rural electrification programmes, and use of 
alternative renewable energy sources such as wind, 
geothermal, and solar energy.
International strategies and interventions
There is good will from international financing agen-
cies to support forestry development (both natural 
forests and plantations) in East Africa. Several fi-
nancing agencies, such as the European Union, Gov-
ernment of Norway, Global Environment Facility, 
United Nations Development Programme, World 
Bank, Danish International Development agency, 
African Development Bank, World Wildlife Fund, 
International Union for Conservation of Nature, and 
Food and Agricultural Organisation of the United 
Nations have provided financial and technical sup-
port to the forestry sector. It is most likely that these 
agencies will continue supporting forestry develop-
ment in the region in the foreseeable future.
17.6 principal opportunities to 
Address Challenges Facing the 
management of major Forest 
Ecosystems in the Region
There are a number of strengths and opportunities 
that spur institutions involved in the management 
of different forest ecosystems in the region, for ex-
ample:
◆ Tropical high forest ecosystems in the region sup-
port a wealth of biological diversity and endemism 
among plants, birds, and mammals and have great 
potential for development of community based 
ecotourism.
◆ Degraded high tropical forest ecosystems in the 
region have a high potential for REDD project 
development.
◆ Commercial fishing and ecotourism offer alterna-
tive sources of livelihoods in the mangrove coastal 
forests of Kenya and Tanzania.
◆ The savannah woodland ecosystems of Kenya 
and Uganda, and the miombo woodlands of Tan-
zania are a source of non-timber forest products 
(NTFPs). Some have well-developed non-extrac-
tive forestry related enterprises, such as bee-keep-
ing, fruits, oils and resins collection, and crafts.
◆ The savannah ecosystems are home to big herds 
of large mammals and support a strong tourism 
industry. Some of the funds generated from the 
tourism industry are plowed back into the com-
munities as an incentive for conserving the dry 
woodland forests.
◆ Savannah woodlands in the region also offer large 
carbon sinks, and the recent carbon trading initia-
tives in the region are likely to further enhance 
conservation of these woodland resources.
◆ The Clean Development Mechanism of the Kyoto 
Protocol and carbon financing mechanisms offer 
an opportunity for the region to tap into the global 
Box 17.2 FACE-uWA Carbon Sequestration project
In 1990, the Dutch Electricity Board undertook an initiative to compen-
sate for carbon dioxide emissions from Dutch power stations by means 
of reforestation/forestation. The FACE (Forests Absorbing Carbon dioxide 
Emissions) Foundation was set up with the Uganda Wildlife Authority to 
administer its tree planting programmes in order to create new forests for 
the sequestration (fixation or absorption) of carbon dioxide (CO
2
) from the 
atmosphere. It has restored 35,000 ha of forests in Kibale and Mt. Elgon 
national parks, which will cumulatively absorb over 20 million tonnes of 
carbon dioxide over the 70-year life span. This will be a significant amount 
of carbon dioxide. FACE used the replanted forest areas to raise money for 
more restoration work through the sale of tradable CO
2
 absorption certificates 
(FACE-UWA 2008).
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carbon markets and to harness the associated in-
vestment and technology flows (Box 17.2). Other 
initiatives, such as the Reduced Emissions from 
Deforestation and Degradation (REDD), also 
offer potential opportunities for improved for-
est conservation and livelihoods through carbon 
trading.
17.6.1 Principal Opportunities in 
Tropical High forests
Tropical high forests in the region have features 
and attractions that are of real interest to domes-
tic and international tourists on a sustainable basis. 
Ecotourism-based activities include forest walks on 
over several hundred km of well-developed trails in 
many forest reserves, such as Mabira and Bwindi and 
Kakamega forest reserves, mountain biking, bird-
watching, environmental education and research, 
camping and picnicking, primate-watching (espe-
cially mountain gorilla in the Bwindi Impenetrable 
Forest and Ngahinga national parks, chimpanzees in 
Kibaale and Budongo forests, and monkeys in Kaka-
mega Forest), butterfly identification, and general 
forest exploration. Ecotourism generates consider-
able revenue to the governments in the region. Some 
of the funds generated from the ecotourism industry 
are plowed back into the communities as an incentive 
for conserving the forests resources.
Degraded and low-stocked tropical high forests 
have high potential for REDD project development 
because of the possibility of achieving high emis-
sion reductions per hectare. REDD provides a unique 
opportunity for the region to sustainably conserve 
forest biodiversity and generate real benefits for the 
three countries and their populations. The region has 
been an innovator and early mover in forest carbon 
markets, with several pioneering and internationally 
recognised projects, such as ECOTRUST-, FACE-, 
and World Bank-supported afforestation projects 
(Forest Trends 2009). For example, based on a simple 
model, Butler (2006) calculated that at a deforesta-
tion rate of 86 400 ha/year, Uganda was in a position 
to earn USD10–137 million, with a potential increase 
in per capita income of 0.13–2.18% from avoided 
deforestation (see box 17.2).
REDD also has the potential to support and 
deepen participatory forest management approaches 
that have been adopted by the three countries in re-
cent years. However, successful implementation of 
REDD requires clear identification and nurturing of 
viable projects, as well as appropriate policy, legal 
and institutional frameworks developed by the three 
counties.
17.6.2 Principal Opportunities in the 
Miombo and Acacia Savannah 
Woodlands
Non-timber forest products (NTFPs) have a high 
potential for economic development in the miombo 
and acacia savannah woodlands of central Tanza-
nia, Northern Uganda, and Eastern Kenya. These 
ecosystems are important sources of NTFPs, espe-
cially non-wood forest products such as essential 
oils, beeswax and honey, gum, tannins, latex, dyes, 
medicines, fibres, and food (leaves, roots, fungi, and 
fruits). Harvesting and sale of NTFPs provide alter-
native sources of livelihood to local communities 
and contribute to poverty alleviation through gen-
eration of income, provision of food and improved 
nutrition, medicine, and foreign exchange earnings 
(Chikamai et al. 2000). In some communities in the 
region, farmers derive close to 60% of their cash 
income from the sale of mushrooms, honey, charcoal, 
fuelwood, wild fruits, and vegetables (CIFOR 1999, 
O’Kting’ati and Monela 1990).
Mushrooms, beekeeping, and honey-hunting 
in miombo woodlands and in the acacia savannah 
woodlands of Kenya and Uganda are very lucrative 
enterprises. For example, in Tanzania, the bee-keep-
ing industry produces about 138 000 tonnes of honey 
and 9200 tonnes of beeswax per year from about 9.2 
million honey bee colonies (Dewees 1996)). Most of 
the honey and beeswax produced is consumed locally 
and only small amounts are exported.
In Northern Uganda, the butter oil industry based 
on the shea-butter tree (Vitellaria paradoxa spp. Ni-
lotica), a slow-growing hardwood fruit tree, is also a 
very lucrative enterprise. The shea butter oil is used 
for cooking and in the cosmetics industries. An in-
tegrated shea butter conservation and development 
project was conceived in 1990 and now covers an area 
of over 160 000 square kilometres across northern 
Uganda. The project involves over 400 community-
based groups with a total membership representing 
over 10 000 farming households, mostly involving 
women. The shea-butter from northern Uganda is 
softer and more fragrant than West African shea-
butters, and fetches higher prices on the international 
market (Ferris et al. 2001, Okullo 2004).
The East African region also has the potential to 
produce gum arabic, mainly from Acacia Senegal 
and A. seyal found in arid parts of the region. Tanza-
nia has one of the largest export potentials for gum 
arabic among the East African countries because of 
the presence of vast areas of acacia woodlands in 
Tabora, Singida, Arusha, Kilimanjaro, Tanga, Mo-
rogoro, and Iringa, though the industry is yet to be 
developed. It is estimated that Tanzania produces 
1000 tonnes per year of gum arabic, half of which is 
exported (Chihongo 2000). Kenya and Uganda pro-
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duce smaller amounts of gum arabic from Karamoja 
and northern Kenya regions, respectively.
The wood-carving industry is a vital source of 
income for local people living in the miombo and 
dry savannah woodlands of Kenya and Tanzania. 
The Makonde is probably the best known art work 
produced in these two ecosystems. This art is pro-
duced by the Makonde people of southern Tanzania, 
and their material of choice is ebony, the African 
black wood found in the miombo and acacia savan-
nah wood lands. Tanzania earns USD 6 million in 
exports of wood carvings annually, while in Kenya, 
the wood-carving industry generates USD 20 million 
a year (TED 2001), most of which is produced from 
ebony wood by the Akamba carvers, who live in the 
savannah woodlands of eastern Kenya.
However, NTFPs are threatened by over-exploi-
tation and degradation of the forest resources. Indis-
criminate harvesting of trees for charcoal and fuel 
wood, as well as the clearing of forests for farming 
and bushfires discussed earlier create obstacles for 
sustainable management of these forest products.
17.7 policy Recommendations
Strengthen capacity for monitoring, enforcement, 
and compliance to forest rules and regulations 
within the nations and region.
Failure to monitor and enforce forest laws has cost 
East Africa dearly in terms of reduced goods and 
services, lost taxes and royalties, and the erosion 
of livelihoods. A collective regional response has 
been slow. A regional Forest Law Enforcement, 
Governance and Trade (FLEGT) process that has 
been launched under the auspices of the East African 
Community (EAC) should be implemented as soon 
as possible. Mechanisms of controlling illegal log-
ging and timber trade should be worked out.
Fight corruption and government interference in 
the forest sector.
No doubt corruption undermines effective func-
tioning of government institutions in the region and 
hampers the achievement of the Millennium Devel-
opment Goals by undermining the economic growth 
and sustainable development. In particular corruption 
constrains planning for sustainable forest manage-
ment. Therefore, fighting corruption within and out-
side the forest sector must be central to sustainable 
management of the forest sectors in the region.
Strengthen decentralisation and local participa-
tion in the forest sector.
Implementation of the decentralisation policies re-
quire continued commitment of the regional govern-
ments’ to transfer of meaningful authority to lower 
levels of government and to building capacity by 
providing technical and financial support to local 
institutions. There is need to continuously review 
joint/collaborative forest management agreements 
with various stakeholders particularly local com-
munities so that the rights and obligations of the 
partners, including the sharing of benefits is per-
ceived by the local communities to be fair (Kant and 
Nautiyal 1993). In Tanzania, participatory policies 
have been in place for over a decade and there are 
signs of positive outcomes such as increased forest 
area being effectively managed by communities and 
village governments and increasing contribution of 
forestry resources to rural livelihoods (Bromely et 
al. 2009). Kenya and Uganda can emulate the strate-
gies undertaken by Tanzania to enhance participatory 
forest management approaches.
Harvest NTFPs sustainably.
Although NTFPs are important forest products, espe-
cially in the dry woodland areas where they provide 
alternative sources of livelihoods and contribute to 
poverty alleviation through generation of income, 
and provide food and improved nutrition, they are 
threatened by over-exploitation and degradation 
of the forest resources. Over-exploitation not only 
threatens species of high-demand, but could also al-
ter forest structure and composition. Indiscriminate 
harvesting of trees for charcoal and fuelwood, as well 
as the clearing of forests for farming and bushfires 
discussed earlier, create obstacles for sustainable 
management of these forest products. Management 
practices that encourage the monitoring of sustain-
able harvesting levels of species and promote alterna-
tive plants for the same uses, should be considered 
as part of conservation strategies.
Harmonise and implement policies at the regional 
level.
The governments in the region have put in place good 
programs and policies, both in the forest sector and 
outside it, to reduce deforestation and degradation. 
Many of these policies are not implemented and the 
rules not enforced. What is now needed is harmonisa-
tion of policies within and outside the forest sector 
and within the region, and active implementation 
of the policies and enforcement of rules within the 
natural resources sector.
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17.8 Conclusions
The underlying drivers of deforestation and forest 
degradation in the East African region are complex, 
and some lie outside the forestry sector. The key 
underlying drivers of deforestation include:
◆ inability to monitor and enforce the regulations 
applicable to the use and conservation of forest re-
sources due to weak forest governance structures, 
prevalence of corruption, political interference, 
and political failure;
◆ pervasive economic incentives that favour defor-
estation;
◆ conflicting policies within the natural resources 
sector; and
◆ failure to implement policies and legislation gov-
erning the use of forest resources.
Heavy dependency of local communities on forest 
resources for income, fuelwood, and conversion of 
forest land to agriculture in response to the rapid 
population growth, are major threats that need to 
be overcome.
The regional governments have put in place 
several initiatives to help resolve many of the chal-
lenges and problems in the forest sector. Some of 
these initiatives have had positive outcomes already. 
These include:
Increasing participation of communities in the 
management of forests and woodlands (in all three 
countries, but perhaps most in Tanzania) following 
the implementation of the decentralisation policies
Carbon trade under the CDM and REDD mecha-
nisms have made forest businesses profitable and has 
attracted the private sector and local communities to 
invest in forest plantation development and manage-
ment of natural forests.
Other initiatives that have a high potential to im-
prove forest conditions in the region include:
◆ Overall increased recognition of the importance of 
forests as environmental assets (climate change, 
adaptation, risk and resilience, water catchments) 
by policy-makers and increasing recognition by 
regional governments of the economic importance 
of forests both to rural people and to nations have 
made forest rehabilitation, afforestation, and re-
forestation priority areas by these regional govern-
ments.
◆ A regional FLEGT process launched under the 
auspices of the EAC to improve forest law en-
forcement and governance in the region. Reduc-
tion in illegal logging in the region is likely to 
lead to improvement in forest conditions.
Although the impact of climate change on forest land-
scapes in the region is still limited, vulnerability of 
the region to the impacts of climate change is likely 
to increase in future because of the heavy reliance 
on climate-dependant resources, such as rain-fed 
agriculture, lack of skills on climate change adapt-
ability, inadequate early warning systems for disaster 
management, and limited financial resources.
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for Management
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Abstract: Secondary forests cover about 90% of West Africa’s forests. These forests 
are often degraded and are under strong and diverse pressures. Concepts on how to 
deal with this type of land resource are mostly missing. It is thus necessary to develop 
options for a wise and sustainable utilisation of secondary forests. Prerequisites for the 
development of rehabilitation concepts are knowledge and understanding of the eco-
logical processes within the ecosystem, especially succession. Based on this knowledge, 
silvicultural management options can be designed, or complementary land-use systems 
may be identified and applied. Silvicultural systems offer a variety of opportunities, such 
as enrichment planting, refining, and liberation to gradually re-convert degraded forests 
into valuable timber resources. Agroforestry offers various possibilities for close-to-
nature management and economic improvement of impoverished resources. New ap-
proaches, like outgrower schemes, can play a catalyst role for a broader implementation 
of agroforestry. Simultaneously, this land-use system contributes to food security, thus 
stabilising the livelihoods of rural populations. Furthermore, non-wood forest products 
bear a substantial potential for the valorisation of secondary forests that, ideally, will 
result in sustainable utilisation of the resource.
Keywords: secondary forests, diversity, forest management, agroforestry, NWFP, out-
grower system, West Africa
■
18.1 Introduction
Forests in West Africa are under serious threat. The 
Food and Agricultural Organization of the United 
Nations (FAO 2006) estimates the annual rate of de-
forestation in the region at 4.2 million ha, or 0.64% 
per year, although this average figure conceals the 
dramatic situation in some countries: In the period 
from 2000 to 2005, FAO observed a net loss of forests 
of 4.5% in Togo, 3.3% in Nigeria and 2.0% in Ghana. 
Together in these three countries, forest destruction 
amounted to 745 000 ha per year. The combined ef-
fects of over-exploitation of forest resources, un-
sustainable land-use practices (e.g., slash and burn 
or cocoa farming), wild fires, mining activities, and 
political unrest (e.g., Liberia and Sierra Leone) have 
significantly reduced the forest area.
Continuing forest destruction results in habitat 
loss for faunistic and floristic elements, thus reducing 
biodiversity, accelerated soil erosion with degraded 
agricultural productivity and, consequently, deterio-
ration of the livelihoods of rural people. If the forests 
are not completely cleared and transformed into other 
forms of land-use, degraded or devastated vegetation 
cover remains. Ideally, under undisturbed conditions 
and over the course of long time spans, succession 
gradually restores forest-dominated ecosystems to 
something resembling the original composition.
Today, high pressure on natural resources from 
anthropogenic disturbances affects, and often inter-
rupts, the succession process, with the consequence 
that the extent of secondary forests is rapidly increas-
ing in the forest zone of West Africa. For instance, 
according to FAO (2006), in 2005, the proportion of 
secondary forests of the total forest cover in Guinea, 
Liberia, and Benin was 98%, 96%, and 95%, respec-
tively. Also, all other countries in the region reported 
a secondary forest cover of 90% or more.
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The occurrence and composition of secondary 
forests – as well as primary forests – in West Africa 
varies greatly mainly due to the differences in rainfall 
regimes. Moist forests are predominantly found close 
to the Atlantic Ocean, where sea winds provide high 
rates of precipitation. Further toward the interior, 
rainfall rates decrease, leading to drier forest types 
like deciduous, semi-dry, or dry forests. The dry for-
est ecosystems, which are particularly susceptible to 
disturbances, have been subjected to many forms of 
degradation in the past. At the same time, dryland 
ecosystems are also resilient, which improves their 
capacity to absorb change and disturbance.
Although there is no unanimously accepted defi-
nition of secondary forests, the following compre-
hensive definition is applied: Secondary forests are 
forests regenerating largely through natural processes 
after significant human and/or natural disturbance of 
the original forest vegetation at a single point in time 
or over an extended period, and displaying a major 
difference in forest structure and/or canopy species 
composition, with respect to nearby primary forest 
on similar sites (Chokkalingam and de Jong 2001). 
Natural causes for major forest disturbances can be 
fire, storms, and insect infestations, among others; 
whereas human-induced disturbances are mainly 
shifting cultivation with the use of fire and timber 
logging.
This chapter will first discuss the importance and 
threats to secondary forests in West Africa, followed 
by a description of the floristic diversity and forest 
succession in secondary forest ecosystems. Section 
18.6 focuses on silvicultural and complementary 
management systems and the opportunities and chal-
lenges related to them. Conclusions and recommen-
dations are presented in the last section.
18.2 the Importance of and 
threats to Secondary Forests 
in West Africa
In 2005, the FAO assessed the forest cover in West Af-
rica at 57.9 million hectares, or 31% of the land cover 
(FAO 2006). The population in the area amounted to 
more than 220 million people, of which up to 74% 
are rural. It can be assumed that at least 110 million 
people in West Africa live adjacent to, or even in, 
forests. Given that 90% of all forests in the region 
are secondary forests, a population of approximately 
100 million may live in and gain sustenance from 
photo 18.1 heavily degraded secondary forest in the semi-dry zone of ghana with Vitellaria paradoxa, 
Bridelia ferruginea, and Daniellia oliveri as main tree species. V. paradoxa fruits are the source of shea 
butter.
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this environment.
Secondary forests can provide a huge variety 
of tangible products, such as timber, fuelwood, and 
non-wood forest products (NWFPs), and intangible 
environmental services, such as erosion control, halt 
of desertification, atmospheric carbon sequestration, 
refugia for biodiversity, or conservation of the water 
balance. Beyond this, forests also have traditional, 
religious, and spiritual functions for forest dwellers. 
However, secondary forests are of highest impor-
tance for the local population as an easily accessible 
land reservoir for slash-and-burn agriculture. This 
archaic agricultural system comprises the clear-
ing of forested sites through the use of fire and the 
subsequent cultivation of agricultural products. The 
practice mainly provides for subsistence use and is 
characterised by short production cycles and huge 
land consumption because the soil productivity de-
creases quickly. When the productivity of the land 
has reached such a low level that further cultiva-
tion does not reward with sufficient crop yield, the 
farmer will abandon the land and natural succession 
processes will start on the site.
On one hand, fire as the tool for land clearing is 
an advantageous means for mobilizing nutrients. On 
the other hand, fire affects the ecosystem drastically 
with numerous negative effects. Fire is a permanent 
hazard for the environment, especially when it runs 
out of control and causes tremendous destruction to 
the landscape. Such an incident occurred in 1983, 
when millions of hectares of forest were burning in 
the savannah transition zone of Côte d’Ivoire, Ghana, 
and Togo. Many cocoa plantations and natural for-
ests in the area were destroyed, which resulted in 
an almost complete breakdown of the cocoa mar-
ket and industry. The forest was widely replaced by 
dense grasses that invaded from the savannah zone 
and suppressed the natural regeneration of the forest 
(Abebrese 2003).
Many bushfires are also set deliberately, espe-
cially during the dry season, to improve the grazing 
conditions for cattle, to control insects and pests, 
to drive out game for hunting, or simply to reduce 
combustible litter. In 1973/74, and from 1982 to 
1984, Ghana experienced serious bushfires with 
more than 1000 cases of fire during each of these 
periods. During these years, the bushfires correlated 
with extreme weather conditions: the catastrophic 
Sahelian drought in 1973/74, and, in the 1980s, the 
severe harmattan season. During one year, 35% of 
crops were destroyed in Ghana, causing a dramatic 
situation for the rural population (Abebrese 2003). 
Prescribed burning early in the dry season, when 
there is still some humidity in the grass cover, tends 
to reduce the negative impacts of fire.
In many countries of the region, secondary forests 
are not sustainably managed or developed. To over-
come this requires understanding the particularities 
and the functioning of secondary forest ecosystems, 
and the demands and expectations of the people in 
relation to this environment. Adequate attention to 
these factors forms the basis for the development of 
sustainable land-use options.
In order to formulate appropriate secondary for-
est management strategies, it is imperative to un-
derstand the process of secondary forest succession, 
the floristic composition and diversity of secondary 
forests, the disturbance regime, and site history.
The definition of the term “West Africa” is not ho-
mogeneous. According to the United Nations, West 
Africa, geopolitically, is the westernmost region of 
the African continent and includes 16 states with 
an area of slightly more than 6 million km². To the 
north, it borders North Africa; to the southeast, it 
borders Central Africa. Like a belt, West Africa 
stretches from Mauritania in the northwest to Ni-
geria in the southeast.
The FAO excludes the Sahelian countries Burki-
na Faso, Mali, Mauretania, and Niger from West Af-
rica in the Global Forest Resources Assessment, and 
adds these countries to North Africa (FAO 2006). 
In this section, the term West Africa is used in ac-
cordance with the UN definition.
Box 18.1 geographical determination of West Africa
The vast majority of the land is plains, at an 
average elevation of 300 m a.s.l. The semi-arid 
Sahel forms a transition zone between the Sahara 
in the north and the grass-dominated savannahs 
further south. Closer to the Atlantic Ocean, where 
there is more precipitation and a higher amount 
of humidity, various types of floristically rich and 
diverse tropical moist forests occur. Forestry and 
timber play a major role only in the economies of 
the countries with moist and semi-moist forests; 
whereas the dry interior of West Africa is char-
acterised by a notorious deficiency of wood and 
wood products.
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18.3 Floristic diversity of Sec-
ondary Forests in West Africa
Secondary forests in West Africa consist of a vast 
variety of forest types distributed mainly according 
to the different rainfall regimes. Moist forest types 
obtain a different floristic and structural diversity 
than drier forest types. This is essential when man-
agement options for secondary forests are addressed. 
It is therefore necessary to highlight the main eco-
logical differences between the two forest types.
18.3.1 Floristic Diversity of Moist 
Secondary Forests in West Africa
The West African moist forests are rich ecosystems 
with complex structures, but they cover a smaller 
area and contain fewer numbers of species than the 
Central African moist forests. Nevertheless, West 
African moist forests are still diverse and contain 
many notable endemic species (Sayer et al. 1992). 
Côte d’Ivoire, Ghana, and Nigeria are among the 
50 most biodiverse countries in the world (WCMC 
1994).
The moist forest type extends along the coast of 
West Africa from Senegal in the West to Togo in the 
East. The Dahomey Gap in Benin separates the West 
African moist forests floristically from the Central 
African forests (Sayer et al. 1992). The West Afri-
can closed forests are not homogenous and can be 
divided into seven major forest types: wet evergreen, 
moist evergreen, moist semi-deciduous, upland ever-
green, dry semi-deciduous, southern marginal type, 
and southeast outliers (Richards 1996).
Generally after disturbance, the regeneration 
and secondary succession of tropical moist forests 
is rapid in terms of species richness, plant growth, 
and other developmental features (Murphy and Lugo 
1986, Vieira and Scariot 2006). However, the whole 
process of moist tropical forest recovery, particularly 
in terms of species composition, may probably ex-
tend over centuries rather than decades (Richards 
1996).
Usually the succession starts with herbaceous 
species, which rapidly form closed ground cover 
for brief period before being shaded out by woody 
species (Richards 1996, Abebrese 2003). Young 
secondary forests (15–20 years) in the moist West 
African forests have similar structural and vegeta-
tional succession patterns, with dominance of one to 
Map 18.1 Main climate zones of Africa (developed by Institute for World Forestry, 
Johann heinrich von thünen-Institut, hamburg, germany 2010).
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four early pioneer species, such as Macaranga spp., 
Musanga spp., or Cecropia spp. The late second-
ary forest species (30–40 years) that can form the 
dominant canopy layer include late pioneer species, 
such as Terminalia spp. and Ceiba pentandra (ITTO 
2002, Richards 1996).
Alien invasive plant species tend to be found 
abundantly in clearings and young secondary forests. 
In West Africa, the alien tree species Cecropia pal-
mata and the herbaceous species Chromolaena spp. 
are widely distributed in young secondary forests.
High abundance of climbers is one of the distin-
guishing characteristics of young secondary forests. 
The common climbers in West African secondary 
rainforests include Adenia lobata, Dioscorea preussii, 
Diocoreophyllum comminsii, Gouania longipetala, 
Montandra guineensis, and Parquetina nigrescens 
(Muoghalu and Okeesan 2005).
18.3.2 Floristic Diversity of Dry 
Secondary Forests and Savannahs 
in West Africa
The dry forests, woodlands, and savannahs of West 
Africa are located north of the moist closed forest 
zone. They consist of trees of smaller stature, which 
have discontinuous canopy, and a grass ground cover. 
The savannah and dry woodland is the most exten-
sive biome in West Africa and extends approximately 
from 7°N to 14°N (Baker 2000). The West African 
savannahs and dry forests have a lower species 
richness compared to the moist forests in the region 
and other areas in Africa (Menaut et al. 1995). The 
dryland vegetation of West Africa is divided into 
three main zones: the Guinea, Sudan, and Sahel 
zones (Lawson 1986). Species diversity decreases 
northwards (from Guinea to the Sahelian zone), 
a feature that corresponds with declining rainfall, 
tree height, and structural complexity (Menaut et 
al. 1995). In general, the dry forests of West Africa 
show a strong trend in declining diversity with in-
creasing dryness, which implies that the driest forests 
have large populations of relatively few tree species 
(Swaine 1992).
Due to the suitability of the dry forest and sa-
vannah zone of West Africa for agricultural activity 
and human settlement, there has been widespread 
clearance of the dry land vegetation, especially by 
using fire (Sanford and Isichei 1986, Maass 1995). 
The occurrence of disturbances and particularly fire 
in woodlands and dry forests of West Africa, converts 
dry forests (through regressive succession) into in-
creasingly open types of forests and subsequently to 
savannah-like ecosystems (Vieira and Scariot 2006). 
The main effect of fire in this biome is to maintain a 
higher ratio of grass to woody vegetation than would 
otherwise exist (Menaut et al. 1995). Moreover, fires 
in the dry forests and savannahs of West Africa pro-
mote the germination and dominance of fire-tolerant 
woody species, such as the Acacias, and reduce the 
abundance of fire-sensitive species.
After disturbance, vegetative regeneration from 
root suckers and coppice shoots is the primary regen-
eration mechanism in dry forests of Africa (Murphy 
and Lugo 1986, Menaut et al. 1995). If frequent fires 
and grazing are curtailed from savannahs, a dense 
undergrowth of herbs, shrubs, and young trees de-
rived from both vegetative sprouts and seeds will be 
established at the initial phase of a secondary vegeta-
tion succession (Swaine 1992). In the later stages 
of succession, the herbaceous species are gradually 
replaced by woody species to form dense woody 
stands with a sparse grass ground cover on sites with 
suitable soil conditions (Sanford and Isichei 1986, 
Menaut et al. 1995).
Similarly, the abandonment of cultivated lands 
under the shifting cultivation process will also lead 
to secondary vegetation succession. For instance, 
in the dry forest zone of Benin, this has led to the 
establishment of Ceiba pentandra and Ficus capen-
sis, followed by an increase in tree density and the 
formation of dense forest containing such species as 
Gardenia triacantha, Pancovia bijuga, Cassipourea 
congoensis, and Pouchetia africana (Nansen et al. 
2001). However, in terms of plant growth and other 
developmental features, succession is generally a 
slower process in dry tropical environments than in 
moist areas. On the other hand, dry tropical forests 
– which are less complex floristically and structur-
ally, and which show a lower number of successional 
stages – have the potential to recover to a mature 
state faster than moist forests, especially in terms of 
species composition. These properties of dry tropical 
forests are considered to make them more resilient 
(Murphy and Lugo 1986, Kennard 2002).
18.4 Secondary Forest Succes-
sion and Floristic diversity
In general, secondary forest succession can be under-
stood as a continuum. In the early stage, the factors 
that govern colonisation are most important. In the 
later stages, competitive ability and tolerance of en-
vironmental conditions among species largely dictate 
patterns of species replacement over time (Walker 
and Chapin 1987, Guariguata and Ostertag 2001).
The general pattern observed in tropical dry and 
moist forest succession is that initial colonisation is 
dominated by herbs, ferns, shrubs, and climbers, all 
of which are quickly established after disturbance. 
These species are succeeded by the emerging rela-
tively short-lived, light-demanding, and fast-growing 
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early pioneer species that then dominate the canopy 
of secondary forests. These early pioneer species are 
in turn survived by long-lived pioneer species that 
dominate the canopy until senescence or disturbance 
cause their death (Guariguata and Ostertag 2001, 
Breugel 2007). If no further disturbances occur, the 
canopies of the secondary forests may be gradually 
replaced by more shade-tolerant species, which leads 
to the floristic composition of the stand resembling 
that of an old-growth forest. However, as the domi-
nance of some long-lived pioneer species can persist 
for decades, or even centuries, secondary forests, 
even when fairly old, may differ in floristic composi-
tion from primary forests (Breugel 2007). In general, 
many forest functions and characteristics (biomass, 
basal area, stem density, species density, etc.) may 
resemble old-growth conditions long before species 
composition does (Guariguata and Ostertag 2001).
In comparison to the canopy species, the under-
storey species density tends to be much higher and 
species composition approaches that of old-growth 
forest more rapidly (Lawrence 2004). This indicates 
the persistence of long-lived pioneer species in the 
upperstorey, and a continuous recruitment with rela-
tively faster species replacement of shade-tolerant 
species in the understorey (Breugel 2007).
The species richness of shrubs and lianas tends 
to decrease in late successional stages of secondary 
forests (Quesada et al. 2009). The limitations in light 
availability and lack of suitable structural support 
for lianas at the late successional stages – the height 
of trees in late successional forests is beyond the 
optimum height growth range of lianas – are the 
reasons stated for the decline in the abundance of 
lianas (Madeira et al. 2009).
A range of factors determine the pace at which 
secondary forest succession proceeds. These factors 
include the type, intensity, and duration of the per-
turbation; the distance to old-growth forest; and the 
availability of seed-dispersers. Furthermore, site con-
ditions, such as, microclimate and edaphic factors, as 
well as the soil seed bank and the potential for root 
and stump resprouting, influence the successional 
processes (Breugel 2007, ITTO 2002). Hence, due 
to the multitude of factors that influence successional 
processes, it is difficult to predict the species replace-
ment patterns at a given site.
18.4.1 Successional Limitations
The dispersal of large-seeded late-successional spe-
cies, especially those dispersed by vertebrates, may 
be limited. Therefore, these species are expected 
to have a lower rate or likelihood of colonising de-
graded sites. Moreover, behavioural studies indicate 
that seed-dispersing animals often prefer smaller, 
rather than large, seeds for long-distance dispersal. 
Hence, the limited dispersal of large-seeded relative 
to small-seeded plant species suggests that many sec-
ondary forests may be overwhelmingly composed of 
small-seeded pioneer plant species (Wunderle 1997). 
Lack of seed dispersal of large-seeded, usually late-
successional species, may slow down the overall suc-
cessional process.
Secondary forest succession may be retarded or 
inhibited by thickets of bamboo, which form bam-
boo-dominated, or even monospecific, stands. The 
presence of bamboo may arrest forest succession by 
root competition and mechanical crushing (Griscom 
and Ashton 2003). In addition, as is the case in West 
Africa, degraded sites invaded by grasses, such as 
Imperata cylindrica, and ferns, such as Pteridium 
aquilinum, also arrest secondary forest succession 
by competing for resources and because of dispersal 
limitation; i.e. grasses and ferns are not attractive 
for seed-dispersing animals and, as a result, there is 
very limited seed arrival into areas that are invaded 
by grasses and ferns (Richards 1996, Slocum et al. 
2004). Furthermore, grasses increase flammability 
and result in periodic fires that kill seedlings and 
saplings of woody species (Duncan and Chapman 
2002).
18.5 Conservation and 
Sustainable utilisation of 
Secondary Forests
18.5.1 Biodiversity Conservation
Secondary forests contribute to biodiversity conser-
vation by relieving pressure on primary forests, by 
functioning as corridors for the migration of flora and 
fauna in fragmented landscapes, and by maintain-
ing plant and animal genetic resources (FAO 2006). 
Moreover, secondary forests may function as buffer 
zones, serve as habitat for forest plants and animals 
displaced from destroyed primary forests, and as a 
source of propagules for re-colonisation of degrad-
ed forest lands (Brearley et al. 2004). In general, a 
strategy that combines secondary forest conservation 
with restoration will attain a better result in the in 
situ conservation of biodiversity.
As the area of secondary forests in West Africa is 
expanding and represents the major forest type, the 
conservation of only old-growth forests in national 
parks and other protected areas will hardly be suf-
ficient. Also the conservation of secondary forests, 
which potentially contain a significant proportion of 
biodiversity, appears to be timely and imperative. A 
paradigm shift in biodiversity conservation strategies 
for tropical African forests may therefore be neces-
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sary. Furthermore, the conservation of secondary for-
ests will help the West African nations to meet the 
national biodiversity conservation targets and fulfil 
international commitments, such as those stipulated 
by the Convention on Biological Diversity.
18.5.2 Sustainable Utilisation of Sec-
ondary Forests
As secondary forests are the predominant forest type 
in West Africa and many other tropical regions, they 
provide the productive (in terms of both wood and 
NWFPs) and environmental functions of primary, 
old-growth forests (ITTO 2002). If properly man-
aged, secondary forests can generate a wide variety 
of goods and services to society, especially to local 
communities that depend on them. Moreover, the 
relative proximity to human settlements and acces-
sibility of secondary forests have made them readily 
available as a source for important wood products. 
Some of the economically important timber species 
of secondary forests in West Africa include such tree 
species as Triplochiton scleroxylon, Ceiba pentandra, 
Milicia excelsa, Terminalia ivorensis, Terminalia 
superba, Lophira alata, Alstonia boonei, Daniellia 
ogea, and Nauclea diderrichii (Blay 2002).
In order to sustainably utilise the vast resources 
from secondary forests in West Africa, appropriate 
management options that take into account the pe-
culiarities of these forests and the needs of people 
who depend on these resources for their livelihood 
need to be identified and implemented. To begin 
with, management strategies should be based on a 
sound analysis of the general social, economic, insti-
tutional, and ecological context. Hence, the particular 
ecological and socioeconomic criteria and indicators 
adopted should be linked to site-specific objectives 
and goals (ITTO 2002). Moreover, management of 
secondary forests should be considered in the context 
of a landscape level approach and multifunctionality. 
In general, since the development of tropical second-
ary forest succession is difficult to predict, it is judi-
cious to use an adaptive management approach.
18.6 Management Concepts 
for Secondary Forests in West 
Africa
Development goals of secondary forests can be mani-
fold. The objectives can include the attainment of 
primary forest characteristics, or utilisation as a re-
source for wood, NWFPs, or environmental services. 
It is essential to develop specific management objec-
tives for secondary forests either for the application 
of pure silvicultural activities, integrated land-use 
systems like agroforestry, or for the introduction and 
exploration of NWFPs.
Ambitious, broad-scale policy approaches like 
the Millennium Development Goals or national for-
est policies have not kept pace with the development 
in the whole of West Africa. Therefore, it appears 
to be necessary to improve the living conditions of 
the people in the countryside by the enhancement 
of the natural resources. New practical approaches 
and a return to well-proven sustainable traditional 
land-use systems are considered to be promising in 
order to stop the accelerated forest degradation and 
deforestation in the region. These approaches can be 
divided into silvicultural and complementary man-
agement approaches.
18.6.1 Silvicultural Management of 
Secondary Forests
Despite their large extent and existing and potential 
benefits, secondary forests are mostly overlooked in 
terms of management and development; instead at-
tention is focused on the rapidly diminishing primary 
forests. In most African countries, secondary forest 
management has not been given adequate attention, 
with the result that they are not part of current for-
est management systems (Blay 2002, FAO 2003). 
The expanding area of secondary forests and their 
increasing importance (Finegan 1992) call for sys-
tematic management. If properly managed, they can 
provide important social and environmental benefits, 
contribute to poverty alleviation, and reduce the pres-
sure on the few remaining areas of primary forest.
Systematic management of secondary forest is 
relatively new in Africa, primarily because most of 
this forest type has developed during the last few 
decades. Effective management of secondary forest 
can be achieved by (i) involving local communities 
in implementing management practices, (ii) reducing 
destructive forest agents (e.g., fire, grazing, farming, 
and timber harvesting) or administering them in a 
manner that is ecologically friendly, and (iii) taking 
into account such factors as age and composition, site 
history and condition, and multiple-use and manage-
ment objectives for the forest (ITTO 2002, Nyondo 
2002). Secondary forests possess some ecological 
characteristics that favour their management, among 
which are: (i) existence of natural regeneration, (ii) 
relatively uniform species composition, (iii) greater 
homogeneity in age and size, and (iv) rapid initial 
tree growth (ITTO 2002).
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Objectives of Secondary Forest Management
Secondary forest management aims at increasing the 
forest’s capacity to yield products, as well as provide 
important environmental and social services for a 
wide range of beneficiaries on a sustainable basis. 
Generally, secondary forests may be managed for 
conservation, timber production, and/or multiple pur-
poses. Consequently, their management objectives 
may be diverse and may vary from one ecological 
zone to another. The objectives may also compete 
or may be mutually exclusive. For example, log-
gers tend to destroy farmers’ crops during harvesting 
and extraction of logs from the forest where farms 
have been established, while farmers tend to burn all 
timber trees and their seedlings on their land during 
site preparation to prevent loggers from logging the 
forest. Thus, there is the need to involve all stake-
holders in the planning of management strategies 
for secondary forests. However, the specific objec-
tives of secondary forest management will depend 
on the needs, interests, and capacities (land, labour, 
capital, skills) of the forest owner, the resource (e.g., 
existence, density, and size of economically valuable 
species), and external factors (such as markets for 
forest products and services, policies, and regula-
tions).
Secondary Forest Management Strategies
Managed secondary forests are often able to provide 
diverse products and services of social and economic 
importance. However, the high variability by age, 
floristic composition, and geographical distribution 
of secondary forests influences this potential and 
makes it difficult to define general principles for 
management. Secondary forest management strate-
gies are planned processes that aim at the enhance-
ment of their functionality. They should be based 
on a sound analysis of the general social, economic, 
institutional, and ecological context (Figure 18.1). 
The management strategy will vary from location 
to location, depending on the resources available, 
biophysical characteristics, markets, and opportu-
nity costs.
Fundamentally, management of secondary forests 
should not differ in its general objectives from that 
of primary forests, but the specifics will vary. The 
management strategy adopted must consider species 
composition, the structure of the forest, and the pri-
mary objectives of residents. Specifically, informa-
tion on the extent, location, condition, conversion 
processes, as well as current and potential uses of 
secondary forest is necessary. Silviculture in second-
ary forests should be based in the first instance on 
existing natural regeneration (ITTO 2002) because 
new germination or planting of seedlings is more 
difficult compared to tending the seedlings already 
present. Thus, one of the most important tasks in the 
initial stage of secondary forest management is the 
Social/cultural Economic/ 
institutional 
Economic/institutional:
 
• causes of degradation 
• local and national interests 
• incentive systems 
• organisation 
• monitoring 
• production/marketing of 
timber, wood and non-wood
forest products (NWFPs) 
Ecological: 
• landscape approach 
• site-specific 
• productive and 
protective functions 
• water, soil, climate 
• biodiversity, habitat 
• traditional/appropriate 
technology 
• resource optimisation 
• resource optimisation  
Social/cultural: 
• existing use system 
• value system 
• community organisation 
• costs/benefits sharing 
• rights to use, to process 
• empowerment 
• traditional knowledge 
• equity, gender awareness 
 
Management 
Strategies for 
Secondary 
Forests 
     Ecological 
Figure 18.1 Context for determining management strategies for secondary forests 
(Source: IttO 2002).
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assessment of existing natural regeneration. Since 
many important timber species are rarely found in 
secondary forests, the economic value of second-
ary forests can be increased through management 
strategies that facilitate the growth of economic tree 
species (Piotto 2007). The basic questions for de-
termining the management strategy for secondary 
forests are presented in Table 18.1.
The management strategy ultimately selected 
will depend on the priorities and objectives of the 
forest owner, the costs and benefits associated with 
the strategy, and the economic, social, and environ-
mental values of these land resources in their current 
and desired future states.
Post-Abandonment Secondary Forest
Traditionally, secondary forests are usually left to 
restore themselves without any deliberate human 
intervention, thus they can be managed without 
specific human restoration or rehabilitation mea-
sures. This is attributed to the ability of secondary 
forests to recover and eventually return to their origi-
nal “species rich” situation, even after significant 
degradation. Where a secondary forest is allowed to 
recover without any significant human intervention, 
it is referred to as post-abandonment secondary for-
est, which is defined as forests regenerating largely 
through natural processes after total abandonment 
of alternative land-use on formerly forested lands 
(Chokkalingam et al. 2000). This secondary forest 
management method has been practised in develop-
ing countries, where systematic management of natu-
ral forest is not common. In Oluwa forest reserve in 
Nigeria, the standing timber volume of a secondary 
forest abandoned for about three decades was almost 
comparable with that of an adjacent primary forest 
(Onyekwelu et al. 2008). But the ecological status 
in terms of trees species composition and dynamics 
of the secondary forest was by far not similar to 
primary forest conditions.
The success of simple abandonment as a man-
agement strategy for secondary forests will require 
that all forms of degradation activities (e.g., timber 
exploitation, fuelwood and NWFP collection, fire, 
encroachment by farmers) are ceased or reduced to 
the barest minimum. If this is not done, the forest 
may not be able to recover. The management chal-
lenge in post-abandonment secondary forests is to 
maintain a certain species composition and structure 
in the long term and to guarantee the regeneration of 
the desired species.
table 18.1 the four basic silvicultural questions for determining the management strategy 
for secondary forests.
What are the present stand and 
site conditions?
◆ Stand: species composition, structure, health, age, regeneration 
capacity, etc.
◆ Site conditions: edaphic, hydrologic, etc.
◆ Socio-economic context: Who uses the forest, what for, what kind 
of impact?
What are the stand and site 
histories? 
◆ Determine the cause(s) of degradation: e.g. was the area under 
shifting cultivation? If yes, what intensity? Is the stand a logged-over 
forest? Did forest fire occur? 
How would the site develop in 
the absence of planned manage-
ment interventions?
◆ What will happen to the stand if there is no management? For 
example, ecologically (succession etc.) and socially (conversion into 
other land-use etc.)
What management strategies are 
needed to achieve a particular 
outcome (restoration, secondary 
forest management, rehabilitation)?
Depending on who manages 
the forest, the question of who 
plans, who harvests and who 
monitors will influence how this 
will be done.
◆ Participatory and adaptive management planning for the particular 
forest stand or the degraded site: silvicultural options, collaborative 
use management, multiple-use management
 – define objective
 – specify methods
 – specify monitoring of forest development, and adopt, if necessary, 
 the strategy and the course of action.
  Source: ITTO 2002.
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Refining and Liberation Thinning
Refining and liberation thinning as principal silvi-
cultural methods are costly and may be regarded as 
yielding distant future returns. They reduce the time 
in which a merchantable crop of timber and NWFPs 
will become available. Refining refers to the elimina-
tion of undesirable trees, climbers, shrubs, and other 
plants that will inhibit site occupation by desirable 
trees. Liberation thinning refers to the cutting that 
relieves young seedlings, saplings, and trees in the 
sub-canopy layer from overhead competition (ITTO 
2002). Refining tends to allocate growing space to 
a group of species (the potential final-crop trees) 
at the expense of others. To some extent, refining 
can jeopardise species diversity and may endanger 
the ecological integrity of a stand, thus care must 
be taken to avoid a too big loss of species diversity 
(Grieser 1997). In the past, this method was used to 
eliminate tree species that were thought to be “use-
less.” Thus, the method is constrained by the limited 
knowledge of the usefulness of many tree species in 
tropical forests and the continuing utilisation of spe-
cies that were once considered “useless.” A reason-
able compromise to minimise tree elimination is to 
leave sub-canopy species and tree regeneration layers 
of the canopy as intact as possible, while removing 
only those trees and climbers that overtop the desired 
trees (ITTO 2002). Liberation thinning stimulates 
growth, since tree growth is directly related to the 
formation of a healthy and dense crown.
Enrichment Planting
Enrichment planting is perhaps the most popular 
and appropriate management strategy for second-
ary forests (Piotto 2007). It is employed to increase 
the stocking of valuable tree species in degraded or 
secondary forests, where regeneration of the required 
species is scanty, partially successful or completely 
absent, without removing the trees already present 
(Nwoboshi 1982, Lamprecht 1990, Montagnini and 
Jordan 2005, Piotto 2007). The method is commonly 
used to increase the quality and quantity of wood 
in secondary forests. The experience with enrich-
ment plantings in secondary forests has generally 
been more favourable than in primary/logged-over 
forests. Young secondary forests are more recep-
tive to silvicultural manipulations because of their 
manageable tree size and rapid growth response. En-
richment planting requires canopy manipulation in 
order to optimise the growth and survival of planted 
trees. The use of enrichment planting will require 
adequate information on species diversity, level of 
stocking, growing stock, and the species that will 
meet the management objective. Generally, the tree 
species that dominate secondary forests are appar-
ently unable to regenerate under their own shade, 
as suggested by the absence of small size classes in 
stem-diameter distributions, changes in tree species 
composition across a forest chronosequence, and 
by monitoring tree recruitment over long periods 
(Knight 1975, Lang and Knight 1983, Saldarriaga 
et al. 1988, all cited by Guariguata 2000).
Due to the relative management complexity of 
enrichment planting, basic information about the spe-
cies ecology is fundamental in order to select poten-
tial species and predict their response to management 
activities. Since trees are planted under shade, the 
selected species must be shade-tolerant to a certain 
degree. Therefore, pioneer and late-successional 
species that are light demanding are used to a very 
limited extent for enrichment plantings. Important 
silvicultural characteristics for species that are ideal 
for enrichment planting can include: high value tim-
ber, low crown diameter, regular flowering and fruit-
ing, wide ecological range, fast growth rate, tolerance 
to moisture stress, good natural stem form, pests and 
diseases tolerance, drought resistance, or ability to 
grow in low-nutrient soils (ITTO 2002). All these 
characteristics depend mainly on the production goal 
and site conditions. In Uganda, for example, tree 
species that produce food are combined with timber 
species in enrichment planting to improve the socio-
economic value of the forest (Grieser 1997). Enrich-
ment plantings with Nauclea diderrichii (a strong 
light demander) in Nigeria failed due to insufficient 
light for the saplings, whereas Khaya ivorensis (a 
shade-tolerant species) planted under similar condi-
tion recorded 83% survival (Nwoboshi 1982).
Success or failures in enrichment planting depend 
largely on species selection and the level of adher-
ence to sound planting and tending practices. Neces-
sary conditions for successful enrichment planting 
include the provision of adequate light conditions, 
proper supervision, and follow-up maintenance. The 
poor reputation and failures associated with enrich-
ment planting are largely attributable to the improper 
selection of planting stock, insufficient overstorey 
opening prior to planting, insufficient follow-up 
tending, and pest attack (ITTO 2002). The experi-
ence from Nigeria has demonstrated that results from 
enrichment planting may vary with the type of plant-
ing stock used (Table 18.2).
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Challenges of Secondary Forest Management
There are quite a number of challenges associated 
with secondary forest management, among which 
are:
a) Although the extent of secondary forests in West 
Africa is fairly well-known (FAO 2006), the 
degradation status and importance of secondary 
forests in Africa has hardly been systematically 
explored and documented. Thus, secondary for-
ests are largely invisible in current forest statistics, 
policy and planning, as well as in forest research 
in Africa.
b) The dominance of seed banks and seed rains by 
herbaceous, shrub, and climber seeds is a common 
phenomenon in secondary forest stands, resulting 
in a need for weeding, thus making interventions 
more labour-intensive and costly.
c) So far, management of secondary forests has not 
been given significant attention in most West Af-
rican countries. Two main reasons for this may be 
that (i) there is no universal definition of second-
ary forests in the region, and (ii) governments 
may not consider forestry statistics as being an 
important issue and therefore may not allocate 
funds for the activity.
d) Despite their importance, secondary forests in 
Africa are often eliminated as quickly as they 
become established to make room for other land-
uses. If secondary forests are to be conserved and 
managed productively, the farmers or communi-
ties that manage them must receive benefits that 
justify that management. The benefits provided 
by secondary forests should be greater than that 
of alternative land-uses.
e) There is a lack of adequate data, knowledge, and 
expertise on the ecological, silvicultural, socio-
economic, and institutional dimensions of second-
ary forests. This affects and influences people’s 
perceptions of the resource, masks its importance 
and potential, and often results in poor manage-
ment, degradation, and inappropriate conver-
sion.
f) The value of secondary forests has not been doc-
umented. Also, the rights of the people whose 
livelihoods depend directly or indirectly on their 
resources have not been recognised. This results in 
inappropriate conversion of secondary forests.
g) Participatory planning with local communities, 
the private sector, and NGOs – although necessary 
for effective secondary forest management – is 
often difficult to achieve. This negatively affects 
the role of the forest as a common property of 
local communities and its use in farm production 
systems. It also limits the provision of information 
on the roles and expectations of farmers and com-
munities in relation to the forestry sector, and the 
identification of possible options for secondary 
forest management.
h) There is high pressure/demand by both humans 
and livestock on secondary forests. The high 
population densities often limit the restoration of 
secondary forests. Land pressure is forcing small-
holder farmers to apply continuous cropping (FAO 
2003). Land clearing for agriculture, which has 
become acute, coupled with high wood demand, 
has led to increased deforestation.
i) Factors such as past land-use, the proximity to 
seed sources, and the stage of successional devel-
opment generate a high variability in productivity 
and species composition, which may complicate 
forest management (ITTO 2002).
18.6.2 Complementary Management 
Systems
Beyond the silvicultural methods for rehabilita-
tion and restoration of degraded secondary forests, 
various other complementary approaches exist. 
Some are based on traditional systems with elements 
adapted to meet the specific requirements of natural 
site conditions and people, such as agroforestry sys-
tems or the use of improved and sustained NWFPs. 
Furthermore, new approaches have been identified 
and are ready to be introduced carefully, such as the 
tree outgrower system, which contains elements from 
taungya – a Burmese name for traditional shifting 
cultivation – and communal forestry. In this respect, 
the application of agroforestry systems, the valorisa-
table 18.2 differential performance of planting stock in enrichment planting.
Species (and age) MAI (ht) (cm) Survival (%)
 striplings stumps striplings stumps
Entandrophragma angolense (5 years old) 16.9 28.9 61 29
Khaya ivorensis (5 years old) 23.1 40.6 27 19
Lovoa trichilioides (4 years old) 43.5 47.3 75 53
Source: Nwoboshi 1982.
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tion of NWFPs, and the propagation of outgrower 
concepts can have major significance for the reduc-
tion of ongoing pressure on the diminishing forest 
resources.
Agroforestry in Secondary Forests in West Africa
Deliberate inclusion of trees in agricultural land-
scapes has been a common practice among the farm-
ers of West Africa long before the term agroforestry 
was launched. Many farmers retained and planted 
trees on their farmland as part of their agricultural 
concept. Although many of the farmers had little 
or no scientific explanation for their practice, field 
experience convinced them to realise that planting or 
retaining trees on agricultural fields conferred some 
additional benefits, including provision of shade, 
shelter, energy, food, and fodder; maintenance of soil 
fertility, and provision of supplementary income.
Knowledge about the use of trees on farms was 
formally consolidated into the science of agrofor-
estry, which has been defined as a dynamic ecologi-
cally based natural resource management system 
that, through the integration of trees in the farm- or 
range-land, diversifies and sustains production for in-
creased social, economic, and environmental benefits 
for land-users at all levels (Leakey 1996). By this 
definition, quite a number of traditional agricultural 
practices existing in West Africa can be referred to 
as agroforestry. Notable among these are shifting 
cultivation with bush fallow, tree crop farming un-
der shade trees, taungya, and permanent compound 
farming, commonly referred to as homegarden.
In the early days of agroforestry research, ef-
forts were made to identify the various traditional 
farming practices that qualify as agroforestry and 
study them. With the emergence of agroforestry 
as a science, several efforts have been made to im-
prove upon the traditional practices to cope with the 
challenges of increasing population pressures and 
food shortages. This has led to the design of several 
agroforestry systems, which were aimed at optimis-
ing the productivity of agricultural land. There has 
been a gradual transition from the early traditional 
agroforestry practices, which were more complex 
in structure and function, into simpler and more in-
tensively managed systems. For example, Kang and 
Wilson (1987) gave an account of the gradual transi-
tion from the traditional shifting cultivation system 
into alley cropping with the challenges of increasing 
need for food.
Recently, scientists have come to the realisation 
that over-simplification of agroforestry systems por-
tends danger to biodiversity and secondary forest 
development. This has stimulated renewed inter-
est in traditional and complex tree-based land-use 
practices.
Simple Versus Complex Agroforestry
Agroforestry is an alternative land-use system devel-
oped to deal more effectively with problems of natu-
ral resource degradation, rural poverty, and environ-
mental deterioration. It is an approach for improved 
land-use by integrating woody perennials with herba-
ceous or root crops and/or with livestock to achieve 
a variety of biophysical and socioeconomic benefits 
not attained with conventional, more segregated pro-
duction strategies. Agroforestry practices produce 
food, fodder, fibre, and fuel supplies jointly, rather 
than separately, arresting and reversing soil losses 
and improving livelihood security. Agroforestry can 
contribute to the conservation of germplasm diver-
sity of tree crop species and to the maintenance of 
niches for fauna and flora in the agricultural land-
scape (Michon and de Foresta 1995). On the basis of 
the structure (components) of agroforestry systems, 
different types can be distinguished. But unlike in 
the classification by Nair (1993), which considered 
types and arrangements of components, Michon and 
de Foresta (1995) used vertical stratification and the 
number of components as the basis for classification. 
They identified:
(i) complex agroforestry systems that look like and 
function as natural forest ecosystems
(ii) simple agroforestry associations, such as alley 
cropping or hedgerow inter-cropping systems, 
and grid inter-cropping.
While the complex agroforestry systems are multi-
layered or multistrata ecosystems, only one or two 
layers can be recognised in the simple agroforestry 
system. These simple systems contain a few com-
ponents, usually not more than five tree species and 
an annual food (maize, cassava, rice) or tree crop 
(cocoa, coffee); whereas in complex agroforestry 
systems, a high number of components are intimately 
associated. The complex agroforestry systems tend 
to “mimic” the natural ecosystems more closely and 
are usually referred to as agroforests. Michon and de 
Foresta (1991) state that such complex agroforestry 
systems contain a high faunistic and floristic diversity 
that is comparable to primary forests or old second-
ary forests. Simple agroforestry is often dominated 
by agricultural crops like maize, rice, cocoa, coffee, 
and hence are of more interest to the agriculturists. 
The dominance of tree components, of high plant 
diversity, and of forest-like structure and functioning 
makes complex systems more interesting for forest 
scientists than for agriculturists.
McNeely and Schroth (2006), in a review on bio-
diversity impacts of traditional agroforestry practices 
from Central and South America, Africa, and Asia, 
concluded that traditional, often complex, agrofor-
estry systems are more supportive for biodiversity 
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than monocrop systems. They stated, however, that 
complex agroforestry systems are not substitutes for 
natural ecosystems.
Role of Shifting Cultivation in Secondary Forest 
Development
One of the earliest agroforestry practices in most 
parts of West Africa is the traditional system of shift-
ing cultivation. The early farmers discovered that 
freshly cleared forest land produces good harvest, 
and this resulted in this traditional farming practice. 
In the shifting cultivation system, a cropping period 
is usually followed by a period of abandonment dur-
ing which, according to the local farmers, the land 
is allowed to “rest.” This results in a rotational ar-
rangement of the cropping phase and a fallow phase. 
During the cropping phase (2 to 3 years), the farmer 
cultivates varieties of arable crops, while the fal-
low phase (usually >10 years) is characterised by 
abandoned farmland on which trees and other wild 
vegetation grow. Many of the secondary forests of 
West Africa owe their origin to this practice. Accord-
ing to Corlet (1995), the clearance, cultivation, and 
abandonment of tropical forest lands have resulted in 
a rapid increase of secondary forests in the area.
Under traditional shifting cultivation, a natural 
fallow is allowed to develop. Re-colonisation by 
plants occurs without any human interference. The 
general fallow re-colonisation pattern in the humid 
regions of West Africa has herbaceous grasses and 
broad-leaved species as dominant during the first two 
to three years, during which they are interspersed 
with seedlings, root shoots, or coppice re-growth of 
trees and tall shrubs.
The natural fallows in the humid West Africa can 
be described as young secondary forest that restores 
the productive capacity of the soil. The length of a 
fallow period determines the level of maturity of 
the resultant secondary forest. After a fallow period 
of 15 years, large trees, such as Albizia gummifera, 
Anthocleista vogelii, Diospyros confertifolia, Fun-
tumia elastica, Nauclea diderichii, Lophira alata, 
Brachystegia spp., Khaya ivorensis, Triplochyton 
scleroxylon, Ficus spp., Cola spp., Celtis spp., and 
Antiaris spp., could have been recorded in lowland 
secondary forests of West Africa (Okigbo and Lal 
1979).
A modern version of the shifting cultivation sys-
tem – the improved fallow system – has been devel-
oped by agroforestry scientists in response to the 
challenges of increasing population and food short-
age. Fast growing, usually nitrogen-fixing, tree spe-
cies are deliberately introduced to shorten the fallow 
period and restore soil fertility. Under this system, 
the fallow period can be reduced to two years only. 
The resultant fallow vegetation is usually less com-
plex and contains fewer species of trees. Although 
there are reports of wide acceptance of this practice 
in Kenya and some other African countries, it is yet 
to gain wide acceptance among the local farmers in 
West Africa, where the majority are still practising 
the traditional system with extended fallow period.
Contributions of Multi-Strata Agroforests to Sec-
ondary Forest Development
There are many forms of complex agroforests that 
present a dynamic and efficient type of land-use. 
They involve a range of tree species, but they can be 
distinguished by the dominant ones, e.g., cocoa- and 
coffee-based agroforests, which play a major role as 
multi-strata agroforestry systems in West Africa.
The dominant cultural practice of cocoa produc-
tion in West Africa involves planting the trees on for-
estland that has been selectively cleared and planted 
with various types of food crops for one or two sea-
sons (Duguma et al. 2001). When land is cleared, 
indigenous fruit, medicinal, and timber tree species 
are deliberately retained, both for their economic 
value and to provide shade for the cocoa plants. As 
the cocoa trees and other components mature, the 
system evolves into a closed canopy multi-strata 
system that resembles natural forest, with most of 
the positive attributes associated with it. Finally, the 
system produces fruits and quality timber.
The traditional modes of natural resource man-
agement in Guinea have led to the establishment of 
coffee agroforests that enabled the conservation of 
many primary and secondary forest tree species. Pe-
not and Ollivier (2009) report on analyses of agrofor-
estry systems in Ghana, where 11 high-value native 
forest tree species were identified in traditional agro-
forests. In other examples, exotic tree species like 
rubber (Hevea brasiliensis) are combined with coffee 
(Côte d’Ivoire) or cocoa (Ghana, Côte d’Ivoire).
Although agroforestry systems are more perma-
nent than shifting cultivation, the abandonment of 
the site, which may be as a result of soil impoverish-
ment, pests, plant diseases, or low prices, enables its 
re-development into forest. Large areas of second-
ary forest have developed this way in many areas of 
West Africa. The resultant secondary vegetation usu-
ally contains individuals of long-living crop plants, 
such as oil palm and fruit trees, which are relicts of 
past cultivation. Oke and Odebiyi (2007) recorded 
487 non-cocoa trees belonging to 45 species and 24 
families in 21-ha cocoa agroforests surveyed in Ondo 
State, Nigeria. A dominance of fruit tree species was 
noticed, with Elaeis guineensis, Cola nitida, Citrus 
sinensis, Mangifera indica, Anacardium occidentale, 
Psidium guayava, and Persea americana and oth-
ers. The agroforest environment enables spontaneous 
colonisation by forest species after abandonment, 
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which results in rapid development of secondary 
forest.
It can be concluded that agroforestry as a tradi-
tionally applied land-use system has a high degree 
of perception and acceptance among the rural popu-
lation in West Africa. Although the use of agrofor-
estry practices may have decreased in some places 
in favour of intensified agriculture, the combined use 
of tree and agricultural elements harbours so many 
advantages that this type of land-use has the high-
est potential to be increased. Agroforestry should 
be seen as a primary option for sustainable land-
use in the future. New elements and developments 
in agroforestry research, as provided by the World 
Agroforestry Center (ICRAF) and their regional of-
fices and networks, should be adequately followed 
up by extension services, evaluated for application 
under the specific site conditions, and later on put 
into practice in a participatory and sensitive way.
The Role of NWFPs in Secondary Forests
It is generally acknowledged that NWFPs in second-
ary forests have a high potential to contribute to the 
sustainable use of forest resources, the preservation 
of biological diversity, and the socio-economic situa-
tion of the local population (de Beer and McDermott 
1989, Tropenbos 1999, Ros-Tonen 2000). The cen-
tral hypothesis states: When forest dwellers recog-
nise the economic value of their environment, they 
are interested in sustainable use of the forests. This 
will simultaneously contribute to the protection of 
the environment, opens income possibilities to local 
people, and can improve their livelihoods. In the case 
of secondary forests, it is furthermore anticipated 
that the use of NWFPs will either contribute to the 
restoration process or at least stop further degrada-
tion of the forest.
A vast number of NWFPs are found in the West 
African forests. Some are scientifically explored, 
widely cultivated, and top-ranking on national or 
international markets, such as cocoa, coffee, gum 
Arabic, and palm oil. Some are only locally used with 
low economic value, while others own a potential 
that only waits for discovery. In West Africa, the 
potential of NWFPs is widely underestimated and 
their value should be assessed with priority (Parren 
and de Graaf 1995). The following two examples 
highlight the potential, but also the limitations of 
the expectations in NWFPs.
The Case of Shea Butter
The shea butter tree (Vitellaria paradoxa) – called 
karité in francophone regions – belongs to the Sa-
potaceae family. It is widely distributed in semi-/dry 
forest formations and savannahs of West, and parts of 
Central, Africa. The deciduous tree can grow up to a 
height of 20 m, starts flowering after 20 years, and 
produces nuts that consist of a thin, tart, nutritious 
pulp that surrounds a relatively large, oil-rich seed 
from which a paste is extracted. Full yield is reached 
when the trees reach 30 to 50 years of age.
A number of steps is required to process the seed 
and obtain shea butter. Once shelled, the seed is 
roasted and either ground or pressed. After a cooking 
process with water, the shea oil can be skimmed from 
the surface. The locally manufactured paste is used 
for the production of soaps, candles, and cosmetics 
(Irvine 1961). Apart from its domestic importance, 
shea butter is also a commodity that receives growing 
attention on the international markets. In 2005, the 
world market price per metric tonne of raw nuts was 
USD190, crude butter sold for USD 450, and refined 
butter for USD 900. In 2007, the farm gate prices 
for raw nuts had risen to approximately USD 250 
per tonne in the Ashanti region of Ghana. The shea 
butter as the end product is seldom traded because it 
is impure due to low processing standards. Several 
countries in West Africa already export 60 000 to 
80 000 tonnes of shea nuts each year, but the poten-
tial is estimated at being 10 times higher. Important 
buyers include international cosmetic producers like 
L’Oreal, L’Occitaine, and The Body Shop.
Inventory results from a semi-dry forest heavily 
degraded by fire in the Ashanti region of Ghana, 
which has mainly served for charcoal production, 
show a high grade of adaptation of V. paradoxa to the 
disadvantageous growth conditions (Struwe 2009). 
The species has high rates in frequency, abundance, 
and natural regeneration, thus providing a good pre-
condition for the use of the resource for shea butter. 
The present production of the commodity is for sub-
sistence only. Organised harvesting, basic machinery 
for processing the nuts, and wise marketing of the 
final product are widely missing.
In one case, a local company with high social 
responsibility and with international financial and 
advisory support, introduced a self-help system for 
marketing shea butter in the region. Women’s groups 
were organised for harvesting the fruits and, with 
small investments, basic processing plants could be 
purchased. The marketing activities were supported 
by international experts. The involved local people 
have had high expectations of these activities and 
now value their forest as a precious resource that 
must be safeguarded from harmful incidences in 
the future, such as fire. Although it is too early to 
draw a final conclusion, it can be attested that no 
destructive fires have occurred in the V. paradoxa 
areas since the start of shea butter activities five years 
ago. Furthermore, it can be concluded that a change 
in the perception of the population in relation to the 
utilisation of “their” forest has taken place.
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The Cane Rat Case
Fire is often deliberately set to the transition forests 
of West Africa by local hunters as a prey-chasing 
method. The main target prey is a cane rat, also called 
“grasscutter” (Thryonomys swinderianus), whose 
bushmeat is highly esteemed throughout the region. 
The animal is a wild herbivorous rodent of subhumid 
to semi-dry areas in Africa south of the Sahara. The 
grasscutter meat is an important source of animal 
protein for rural people, where access to this type 
of diet is scarce. Therefore, the meat is welcomed 
as enrichment of the diet as well as a source of cash 
income and a product for trade. Its demand is gener-
ally higher than the supply on the markets.
The fires often run out of control and cause sub-
stantial harm to the environment. Ongoing fragmen-
tation and degradation are evident consequences in 
the remaining savannah forests. Existing high-value 
timber plantations, mainly Teak (Tectona grandis), 
are also affected by fires, resulting in growth reduc-
tion, loss of biomass, or even complete destruction 
of forest stands.
The introduction of a grasscutter rearing system 
to local farmers appeared to be a promising approach 
for the prevention of fires. Furthermore, it was antici-
pated that a functioning grasscutter breeding system 
would contribute to the improvement of food security 
and the development of income sources, thus helping 
to alleviate poverty.
In Benin, grasscutter animals were trapped alive 
and selected for rearing. After promising breeding 
results, animals were distributed to other countries 
in the region where agricultural aid organisations 
implemented training programmes for interested 
farmers. Trained farmers were finally provided with 
a few animals to start breeding. Extension staff su-
pervised and monitored the activities.
In a study in Ghana’s Ashanti region, results 
showed a general low interest by local farmers in 
grasscutter rearing. No reproduction occurred in 
three years. Many of the distributed animals died 
due to inadequate rearing conditions and negligence. 
Instead of breeding activities, agricultural and partly 
also agroforestry practices, received more attention 
and acceptance by farmers. This may result from 
the cultural background as the Ashanti people are 
not cattle breeders by tradition and have no experi-
ence with indoor breeding of animals. Although the 
frequency of wild fires decreased during the study 
period, it came out that this was a result of newly 
introduced agricultural practices and not due to de-
creased hunting activities. The grasscutter rearing 
project in the study area was assessed as a failure 
and was consequently abandoned (Schroeder et al. 
2007).
These two examples show that people and the 
environment can only benefit from the valuation of 
NWFPs as long as the commodity is in line with 
people’s perception, tradition, and needs. It is a bitter 
experience of many development aid projects that 
no measure can be implemented successfully and 
sustainably against the willingness of all parties in-
volved. Only when people’s interests are adequately 
taken into account can a win-win situation that is 
rewarding to both the people and the environment 
be achieved.
NWFPs that are not yet established on the national 
or international markets provide valuable prospects 
for future utilisation and further valorisation of the 
environment. The shea butter case study can be seen 
as a typical example of many positive effects that can 
be derived from a NWFP with exploitation potential. 
The application of research findings and the provi-
sion of sensitive advice can act as catalysts for self-
developing processes, such as the establishment of 
collection-, processing-, and marketing-associations 
on village levels.
Prominent NWFP commodities like cocoa, cof-
fee, gum arabic, and others have already reached a 
high level of organisation along the whole production 
chain. But improvements are also possible here, such 
as through the introduction of genetically enhanced 
plant material and improved market access.
Although NWFPs have high potential, they are 
definitely not a panacea for all situations. A model 
that is successfully applied in one place can be a 
failure in another location. Sensitivity to cultural 
aspects in combination with good site knowledge 
is essential for the successful introduction of new 
NWFP practices.
The Forest Outgrower System
The forest outgrower system is a type of partnership 
between people who grow trees and timber buyers 
or processing companies. The main driver of this 
system is usually a company with inadequate for-
est holdings, insufficient access to public forests, or 
unmet demand for raw material. The enterprise seeks 
to secure additional supply to meet the increasing 
demand for wood products by signing partnerships 
between farmers to allocate land and other resources 
to the production and management of trees (some-
times other forest products) and the company, which 
provides a guaranteed market. The varying respon-
sibilities of each partner are defined by contracts 
(Desmond and Race 2003).
A wood processing company in the Ashanti re-
gion of Ghana, which has a strong demand for timber 
to produce electric power poles, was seeking new 
supply sources for teak (T. grandis) timber, which 
is the most wanted material. The Ashanti region is 
dominated by small scale subsistence farming with 
annual crops like maize, maniok, yam, beans, etc. 
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Surplus is sold on local markets to gain income. The 
yield and income of the farmers are constantly threat-
ened by land and soil degradation due to annual fires 
and non-diversified agricultural systems.
In a participatory approach, agricultural advisors 
together with rural communities, identified the tree 
outgrower system as an option to open up new sup-
ply sources for the wood processing company and 
simultaneously improve the livelihood of the local 
rural population through income generation.
In the initial stage, interested farmers were 
trained in workshops in order to attain necessary 
working skills. Afterwards, they were supplied with 
teak seedlings for a minimal fee. The seedlings were 
planted on their land together with their preferred sta-
ple crops. All harvest products (crops, fruits, timber) 
belong to the farmer. The wood processing company 
has the documented right to be the first bidder for the 
timber when the trees reach the desired dimensions 
after 10 to 15 years.
The teak seedlings demonstrated extraordinary 
growth in the fields during the first three years, with 
an average height increment of 2 m per year. The im-
pressive growth attracted more farmers to participate 
in the tree growing activities and led to multiplying 
effects. Village cooperatives were founded to support 
new members. The establishment of village nurseries 
was the next step towards increasing the economic 
activities on the village level. Farmers who wanted to 
grow teak had to pay for the seedlings. These earn-
ings were deposited into a bank account for future 
investments and profit distribution.
Presently, three self-organised village coopera-
tives run outgrower schemes in the Ashanti region. 
The interest in the activity is ongoing, and fire oc-
currence has strongly decreased in the outgrower 
sites. It can be assumed that the interest in the system 
will increase even more when trees reach harvest 
dimensions and the timber can be sold. The expected 
revenues will be an additional source of income, re-
duce the dependency on agricultural production, con-
tribute to the improvement of the living conditions, 
and act as a stimulus for the careful utilisation of the 
environment. In addition, the wood processing com-
pany can diversify its resource supply in the immedi-
ate vicinity. The euphoria that exists, at least among 
the participating villages in Ghana, might diminish 
while waiting for the trees to reach harvest dimen-
sions, because the farmers are not receiving income 
during that time. The company should be aware of 
this and support farmers’ engagement and stimulate 
their endurance through training measures.
Incentives for tree-growing activities other than 
under agroforestry systems are comparatively new 
at the village level in West Africa. The outgrower 
system is a promising approach between sectors that 
usually have no common objectives. But preliminary 
results of this type of collaboration give space for 
cautious hope in the future. Further development or 
the introduction of other systems appears to be pos-
sible. Penot and Ollivier (2009), for example, sug-
gest the introduction of the Indonesian jungle rubber 
system to western Ghana. Under this system, rubber 
trees are planted on slash-and-burn sites together 
with agricultural crops. After abandonment of the ag-
ricultural production, the site gradually converts into 
secondary forest enriched by rubber trees, which can 
be tapped and the commodity sold. In Sumatra and 
Kalimantan, 2.5 million ha of these rubber forests 
exist. Seventy percent of Indonesian rubber exports 
originate from such smallholder farms (Penot and 
Ollivier 2009).
Smallholder or village tree plantation activities 
can become an additional asset for the reduction of 
natural resource utilisation. Fast-growing tree species 
are suitable for energy plantations from which wood 
can be harvested after short growing periods. The 
high demand for energy in many parts of West Africa 
creates an enormous potential for the production of 
charcoal – the most used source of energy. The har-
vest from sustainable resources in combination with 
improved kiln techniques could generate income, 
curtail illegal logging activities, and reduce pressure 
on the remaining forests (Bisiaux et al. 2009).
photo 18.2 An outgrower in his agroforestry plot 
under 2-year old teak trees (Tectona grandis), 
which are cultivated together with maize and yam 
(Ashanti region, ghana).
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18.7 Conclusions and 
Recommendations
The global trend of forest loss with a net reduction of 
7.3 million ha per year is still occurring at a steady 
pace (FAO 2006). The extent of primary forests 
has been drastically reduced, with the exception of 
very remote areas or effectively protected forests. 
Consequently, the area of secondary forests is con-
stantly increasing. A growing world population is 
competing globally for diminishing land resources 
to secure agricultural production and to meet energy 
demands. The internationally progressing land grabs 
that encompass the lease or purchase of huge areas 
for agricultural production by international compa-
nies in developing countries symbolise the precarious 
situation for competition for productive land. Under 
these conditions, the chance to avoid further losses 
of tropical forests and to halt degradation seems to 
have only limited prospects.
In West Africa, secondary forests are under ex-
treme pressure and experience strong degradation, 
fragmentation and clearance. Causes for the deterio-
ration, or even conversion of these ecosystems are 
mainly triggered by the needs of rural populations 
for food and other daily necessities. Today, national 
and international efforts aim to preserve and restore 
the remaining forests to safeguard their manifold 
functions. Furthermore, only forest ecosystems with 
a minimum of intact biological functions can uphold 
or slow down the desertification process, which is 
progressing southwards from the Sahel zone.
Due to the rapid expansion of secondary forests, 
together with a deterioration of their environmental 
services, it is an urgent requirement to develop new 
sustainable management approaches that adequately 
address the needs of all parties involved. To accom-
plish this, it is necessary to apply holistic approaches 
that equally take into consideration people’s liveli-
hood needs, cultural aspects and values, as well as 
site-specific management practices and silvicultural 
options. The above examples highlight the potential 
of agroforestry, the value of NWFPs, and the chances 
of new land-use approaches such as the outgrower 
system as complementary assets for the silvicultural 
management and sustainable development of second-
ary forests. There is additional economic potential in 
the use of lesser-used tree species, income generation 
from environmental services, and carbon sequestra-
tion, to mention just a few options for secondary for-
ests that should be further explored and promoted.
It is strongly needed that new and complex 
secondary forest management strategies will be 
developed. These should be accompanied by mul-
tidisciplinary research that is practice-oriented and 
can contribute to solutions for current and future 
problems. Research results should be incorporated 
into management plans, thus constantly improving 
the strategies. Sustainable secondary forest manage-
ment is a big challenge for everyone involved, but it 
provides opportunities for better use of the resource 
and conservation of the environment for the future.
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Abstract: The inability of generally corporate-led, economic development-oriented 
industrial forestry to benefit the rural poor or effectively address the increasing rate 
of deforestation in the tropics has led towards a new paradigm in forest management 
and governance. This shift favours a people-oriented approach generally termed ”com-
munity forestry” or ”participatory forestry”. At its core are the values of participation 
and equity reflecting the need for a more equitable distribution of benefits in tropical 
forest management. Being one of the pioneers in implementing a nationwide com-
munity forestry program in Asia through the adoption of a community-based forest 
management strategy, the Philippines provides an interesting case that illustrates the 
challenges of promoting sustainable forest management through the participation of 
local communities in forest development and protection. Drawing from the three 
decades of Philippine experience, this chapter generally explores the potential and cur-
rent limitations of community forestry as a national strategy for promoting sustainable 
forest management. It explains the rationale behind community forestry; traces the 
history of community forestry in the country; explains the objectives of community 
forestry based on existing policy documents and analyses of the factors behind its 
development; discusses the types of community forestry, its present accomplishments 
and outcomes; analyses the enabling and reinforcing mechanisms and examines the is-
sues and challenges facing its implementation. Finally, it presents conclusion and lessons 
learned from the Philippine experience, which may have some applications to other 
similar developing tropical countries.
Keywords: sustainable forest management, community forestry, forestry paradigm, par-
ticipation, equity
■
19.1 Introduction
The inability of industrial forestry to benefit the rural 
poor or address the increasing rate of deforestation 
in the tropics has led to a major shift in the direc-
tion of forest resource management and governance. 
This shift favours a people-oriented approach gener-
ally termed “community forestry” or “participatory 
forestry,” which is also regarded as a new forestry 
paradigm (Gilmour and Fisher 1991). The Food 
and Agriculture Organisation of the United Nations 
(FAO) defined community forestry as “any situation 
that intimately involves local people in forestry ac-
tivities” (FAO 1978). In the Philippines, community 
forestry has been regarded as a “new approach to 
forest management” (DENR 1989) with the follow-
ing policy objectives (Pulhin et al. 2007): 1) improve 
the socio-economic condition of the participating 
communities; 2) promote social justice and equitable 
access to and benefits from the forest resources, in-
cluding respecting the rights of indigenous peoples 
to their ancestral domains; 3) effect sustainable 
development of forestlands and resources; and 4) 
protect and advance the right of Filipino people to a 
healthful environment.
Being one of the pioneers in implementing a 
nationwide community forestry program in Asia 
through the adoption of a community-based for-
RegIonAl exAMPleS oF FoReSt RelAted 
ChAllengeS And oPPoRtunItIeS
356
19 PROmOTING SuSTAINABLE FORESTmANAGEmENT THROuGH COmmuNITY FORESTRY 
IN THE PHILIPPINES
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
19 PROmOTING SuSTAINABLE FORESTmANAGEmENT THROuGH COmmuNITY FORESTRY 
IN THE PHILIPPINES
est management (CBFM) strategy, the Philippines 
provides an interesting case that illustrates the chal-
lenges of promoting sustainable forest management 
through the participation of local communities in 
forest development and protection. Classified on the 
basis of how they were organised, community for-
estry initiatives may be self-initiated by indigenous 
peoples; locally assisted by external entities, spon-
sors, or facilitators; or initiated by the government as 
part of national programs and projects (Guiang et al. 
2001). In terms of engagement of the local communi-
ties, the practice of community forestry can range 
from “consulting” the local people before a forestry 
project is implemented in their area, which is typical 
of most national programs, to actually recognising 
community control and management of the local for-
est resources, such as those of the locally-initiated 
sites (La Viña 1997). Regardless of the types and 
local people’s level of engagement, however, com-
munity forestry initiatives have the overarching goal 
of sustaining the forest resources and their associ-
ated benefits, improving the socio-economic welfare 
of forest-dependent communities, and communities 
regaining control over their resources and lives.
Drawing from the three decades of Philippine 
experience, this chapter explores the potential and 
current limitations of community forestry as a na-
tional strategy for promoting sustainable forest man-
agement. The chapter is divided into eight sections. 
Following this brief introduction, section 19.2 traces 
the history of community forestry in the country fo-
cusing on the last three decades. Section 19.3 enu-
merates the objectives of community forestry based 
on existing policy documents and analyses of the 
factors behind its development. Section 19.4 briefly 
discusses the types of community forestry, followed 
in section 19.5 by its present accomplishments and 
outcomes. Section 19.6 analyses the enabling and re-
inforcing mechanisms, while section 19.7 examines 
the issues and challenges facing its implementation. 
Finally, section 19.8 presents the conclusion and les-
sons learned from the Philippine experience, which 
may have some applications on developing countries 
of similar situation.
19.2 history of Community 
Forestry
Several authors have discussed the evolution of com-
munity forestry in the Philippines in the last 35 years 
(Rebugio and Chiong-Javier 1995, Pulhin 1996, Bor-
lagdan et al. 2001, Guiang et al. 2001, Magno 2003, 
Pulhin and Pulhin 2003, Dahal and Capistrano 2006, 
Pulhin et al. 2007). Pulhin et al. (2007) divided the 
analysis period into “pioneering,” “experimentation,” 
and “institutionalisation and expansion.”
19.2.1 Pioneering Period (1971–1985)
In the past, there was a general tendency to attribute 
to shifting cultivation as the primary cause of defor-
estation in the Philippines. Shifting cultivation was 
considered illegal and, therefore, logically demanded 
a legal solution.
A more objective analysis, however, would show 
that deforestation in the country can be traced to the 
country’s inequitable policies that favoured short-
term economic benefits for the government and forest 
industry, but undermined the welfare of poor forest-
dependent communities and other marginalised sec-
tors. These policies led to the rapid exploitation of 
timber from virgin forests at prices far below real 
market values and with rents dissipating through in-
efficiencies in the system. The proliferation of only 
short duration timber licenses in the past discouraged 
long-term investments in sustainable forest develop-
ment and dampened private sector initiatives. This 
also resulted in conversion of many forested areas 
into unsustainable upland agriculture, both by the 
poor farmers and rich entrepreneurs. Forest destruc-
tion rose to very alarming levels as poverty in the 
uplands continued to exacerbate. Meanwhile, forest 
recovery through natural and artificial means never 
coped with the forest destruction rate.
Because of the general attribution in the past to 
shifting cultivation as the main cause of deforesta-
tion, until the end of the 1960s, the strategy to halt 
deforestation focused on the enactment and imple-
mentation of forestry laws, rules, and regulations that 
fined, imprisoned, and evicted shifting cultivators (lo-
cally known as kaingineros) from forest areas. This 
punitive legal approach, however, miserably failed 
to solve the problem because it failed to recognise 
its socio-economic dimensions. The realisation that 
deforestation is a complex problem rooted in socio-
economics has motivated or encouraged government 
to adopt policies and programs that address peoples’ 
socio-economic needs and concerns.
In the 1970s, new policies and programs were 
formulated to address the environmental and politi-
cal crisis in the country under the Marcos regime 
through programs that put more emphasis on the 
socio-economic needs of people and communities, 
especially those who were poor and directly depen-
dent on the forests for their livelihood. Between 1973 
and 1979, three “people-oriented forestry” programs 
were implemented, namely, the Family Approach to 
Reforestation (FAR) Program, the Forest Occupancy 
Management (FOM) Program, and the Communal 
Tree Farming (CTF) Program. It was in 1974 when 
the first ever community forestry agreement, with 
a duration of 25 years, was issued to the Kalahan 
Educational Foundation, Inc., an organisation of 
indigenous people in Nueva Vizcaya, Philippines, 
under the FOM Program. This was a pioneering 
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effort resulting from the initiatives of the Ikalahan 
Tribe to secure from the government an agreement 
that would give them the exclusive right to use and 
manage their ancestral lands.
In 1982, the Integrated Social Forestry Program 
(ISFP) was established; this consolidated the FAR, 
FOM, and CTF programs, while recognising the 
vested interests of the forest occupants through the 
provision of a 25-year tenure security.
The policies and programs developed during the 
pioneering period opened limited space to accom-
modate forest occupancy and the involvement of 
the upland communities in the forest rehabilitation 
activities. From a political economy perspective, it 
is obvious that the local communities were involved 
to serve the interest of the state by using the local 
people as a cheap source of paid labour. However, 
the initiatives are considered as “pioneering” because 
they departed from the traditional punitive approach 
and became more accommodating for forest occu-
pants and their role in forest management (Rebugio 
and Chiong-Javier 1995). The pioneering period was 
also an experimentation of various alternative ap-
proaches that focussed on the individual farmer, the 
family, and the community, respectively. During this 
period, the need to integrate all these socially ori-
ented approaches to achieve maximum were deemed 
imperative.
19.2.2 Experimentation and Infusion 
of Massive External Support
(1986–1994)
Under the democratic government of President Cora-
zon Aquino, a number of radical reforms were intro-
duced. With the reorganisation of the Department of 
Environment and Natural Resources (DENR), cor-
rupt officials were removed, perspectives on forestry 
changed, and the number of timber licenses were 
significantly reduced, despite intense opposition 
from the private logging companies (Korten 1994 
in Pulhin et al. 2007). These changes paved the way 
for liberalising forest access to upland communities 
and the experimentation with more “people-oriented” 
forestry programs. According to Korten (1994), these 
changes were necessary to make the DENR attractive 
to the donor community. Furthermore, the presence 
of a vibrant civil society that strongly lobbied for re-
source access, democratisation, and people’s partici-
pation in natural resource management (Broad and 
Cavanagh 1993) offered great potential for policy 
and institutional reforms. As a result, external as-
sistance for forestry projects flowed into the country. 
Between 1988 and 1992, the country obtained five 
forestry-related loans amounting to USD731 million, 
a more than 10-fold increase compared to previous 
loans for forestry (Korten 1994). The Ford Foun-
dation, the United States Agency for International 
L. 
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Photo 19.1 Young mangrove plantation in Banacon Island, Bohol, Philippines managed by a Community 
Forestry organization.
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Development (USAID), the German and Swedish 
governments, and other agencies provided grants and 
technical support for forestry development.
With the government’s thrust on social justice 
and equity in the natural resources sector, and the 
DENR’s need to maintain political legitimacy in 
the governance of the country’s forest resources 
(Pulhin 2004), external assistance was directed at 
“people-oriented” forestry programs. These pro-
grams incorporated the core concerns of sustainable 
development, such as advancement of social equity, 
poverty alleviation, and environmental sustainability 
(Pulhin 1996). From 1988 to 1993, at least nine ma-
jor “people-oriented” forestry programs and projects 
were initiated and funded through external support. 
These programs and projects provided fertile ground 
for piloting “people-oriented” forestry through ap-
plying several types of land tenure instruments, and 
experimenting with different project components and 
strategies, and various institutional and collabora-
tive arrangements. They also stimulated the entrance 
of new players in the forestry sector, especially the 
non-government organisations (NGOs), people’s or-
ganisations (POs), local government units (LGUs), 
academia, and research agencies. The first Philippine 
Master Plan for Forestry Development in 1990 ad-
opted “people-oriented” forestry as a major forestry 
strategy. The plan stipulated that 1.5 million ha of 
residual forest (or 54% of the remaining residual 
forests), plus an additional 5.9 million ha of “open 
access” areas would be placed under community 
forest management over a 10-year period (DENR 
1990). Corporate or large-scale forestry operations 
would be confined to 682 000 ha, or barely 24% of 
the total commercial forests.
19.2.3 Institutionalisation and
Expansion (1995 to present)
The need to institutionalise the different people-ori-
ented forestry programs and projects under one um-
brella in order to ensure their continuity and enhance 
their effectiveness and impacts, prompted President 
Fidel Ramos, on 29 July 1995, to issue Executive 
Order No. 263, titled “Adopting Community-Based 
Forest Management as the National Strategy to En-
sure the Sustainable Development of the Country’s 
Forestlands Resources and Providing Mechanisms 
for Its Implementation.” Section 3 of the Order stipu-
lates that local communities can obtain long-term 
tenurial rights to forestland, provided they employ 
environment-friendly, ecologically sustainable, and 
labour-intensive harvesting methods”. On 10 Oc-
tober 1996, DENR Secretary Victor Ramos issued 
Department Administrative Order (DAO) No. 96-
29 (Rules and Regulations for the Implementation 
of Executive Order 263) for the implementation of 
the community-based forest management (CBFM) 
strategy.
To guide the implementation of the Program, a 
DENR Strategic Action Plan for CBFM was adopted 
on 18 July 1997, through DENR Memorandum Cir-
cular No. 97-13. The plan envisioned placing about 9 
million ha of forestlands under community manage-
ment by the year 2008, which included 2.9 million ha 
that were already covered by people-oriented forestry 
projects, and a further 6.59 million ha considered as 
open and potentially open access land. Also in 1997, 
the Philippine Congress passed into law the Indig-
enous People s’ Rights Act (IPRA) through Republic 
Act No. 8371. The law recognised the vested rights 
of the indigenous peoples (IPs) or indigenous cultural 
communities (ICCs) over their ancestral lands, and 
thus were issued Certificate of Ancestral Domain 
Title (CADT) in the name of the community, subject 
to official delineation and determination by the Na-
tional Commission on Indigenous Peoples (NCIP). 
IPs/ICCs that were part of the CBFM Program and 
that had been issued with CBFM Agreements or Cer-
tificate of Ancestral Domain Claim (CADC) prior to 
the passage of the IPRA law, were given the option to 
retain these tenure instruments and remain under the 
CBFM Program or avail themselves of the CADT.
In 2004, President Gloria Arroyo issued Execu-
tive Order No. 318, titled “Promoting Sustainable 
Forest Management in the Philippines,” reiterating 
the government’s confidence in CBFM as a means 
of achieving sustainable forest management. In the 
same year, DENR Secretary Elisea Guzon issued 
DENR Administrative Order No. 29, which replaced 
the 1996 rules and regulations implementing the 
CBFM Strategy. The developments of the strategy 
and program were, unfortunately, accompanied by 
a decrease in foreign-assisted projects, especially 
since early 2000. The drying up of funds had par-
ticularly affected the participation of NGOs and 
local government units in CBFM activities. Only 
a limited number of local government units had 
started playing a more active role in CBFM since 
the full implementation of the Local Government 
Code and the strengthening and institutionalisation 
of the DENR-Department of Interior (DILG) and 
Local Government-LGU partnership for devolved 
and other forest management functions.
Under the institutionalisation and expansion pe-
riod, CBFM areas increased tremendously, primar-
ily in response to the 1997 DENR Strategic Action 
Plan for CBFM and the Philippine Master Plan for 
Forestry Development. From a total area of less than 
1 million ha in 1995, CBFM coverage increased by 
more than six times to around 5.97 million ha (DERN 
2010) covered by various tenure instruments, namely, 
Community-Based Forest Management Agreements 
(CBFMA), CADC, certificate of stewardship con-
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tract (CSC), and Certificate of Forest Stewardship 
Agreement (CFSA). In principle, these tenurial in-
struments provided the holders the right to occupy, 
cultivate, and develop their areas, as well as utilise 
existing forest resources, including timber, subject to 
the terms and conditions of the agreement that were 
agreed upon by both parties.
The CBFM may be viewed as a radical and pro-
gressive structural policy reform in the forestry sector 
(Pulhin 1998) by replacing the century-old timber 
license agreement (TLA) approach of forest utilisa-
tion. Under the CBFM, access to and benefits from 
forest management were democratised by transfer-
ring certain management rights and responsibilities 
to forest communities. The galloping expansion, 
especially during the late 1990s, was facilitated by 
donor funds and the presence of foreign-funded proj-
ects. However, it was instilled in the minds of the 
people that the CBFM was a project instead of a 
long-term forest management strategy (Pulhin et al. 
2007). Hence, when a project was completed, many 
initiated activities were discontinued.
The historical overview indicates that the will-
ingness to accept local people as forest managers 
and to set up the CBFM Program was shaped by a 
confluence of many actors, which included the gov-
ernment, as represented by the DENR, the private 
sector, civil society, people’s organisations, and fund-
ing agencies, with diverse interests at local, national, 
and international levels.1)
The heavy reliance of many CBFM projects on 
development funding that came from international 
financial institutions, such as the Asian Development 
Bank (ADB) and the Japan Bank for International 
Cooperation (JBIC), created an impression that 
participation in the CBFM program was financially 
rewarding. Although CBFM holders really benefited 
from financial assistance, it became very difficult 
for DENR field offices to pursue CBFM in the face 
of limited personnel available to provide technical 
assistance and do the monitoring of sites in other 
areas without funding support. With different levels 
of support from site to site, the level of development 
of each peoples’ organisation was so variable, that it 
made even many other sectors doubt the effective-
ness of CBFM as the national strategy to empower 
the communities and to develop and conserve forest 
resources and the environment. Nevertheless, with 
the richness of lessons learned from more than two 
decades of CBFM implementation in the Philippines, 
its full potential can still be realised through re-think-
ing it to suit current needs, as well as by addressing 
its weaknesses through policy reforms.
19.3 Factors Behind 
Community Forestry
The country’s community forestry program, through 
the CBFM, has set a blend of socio-economic, politi-
cal, and environmental objectives listed in Section 
19.1. Those objectives are based on existing policy 
documents, particularly the Executive Order No. 263 
and its implementing rules and regulations.
As may be gleaned from the historical account 
and from the following discussions, the above objec-
tives evolved from a given socio-political, economic, 
and environmental context of forest management in 
the Philippines. They are shaped by the following 
factors that paved the way to the emergence of com-
munity forestry in the country.
19.3.1 Forest and Environmental
Degradation
Table 19.1 presents the declining trend of forest cover 
in the country, from 92% of the total land area of the 
country in 1575, to barely 24% in 2003 (Forest Man-
agement Bureau 2005). The records of exploitative 
practice show an annual deforestation rate as high 
as 172 000 ha from the 1950s through 1973 (Boado 
1988 in Pulhin et al. 2007). Under the Marcos regime 
(1970–1980), the annual deforestation rate was most 
blatant at 300 000 ha, putting the Philippines in the 
top list of countries with the worst deforestation rates 
in the Asia-Pacific region (Vitug 2000 in Pulhin et 
al. 2007). Hence, from a major exporter of tropical 
logs in the world market in the late 1950s until the 
1960s, the country is now a major importer of wood 
and wood products.
*) For detailed discussions on these actors and their interests, 
please see Pulhin et al. 2007 and Pulhin and Inoue 2008.
table 19.1. Changes in forest land area in 
the Philippines (in million hectares).
Year Forest Cover Percent of Total Area
1575 27.5 92.0
1863 20.9 70.0
1920 18.9 64.0
1934 17.8 57.3
1970 10.9 36.3
1980 7.4 24.7
1990 6.7 20.7
2003 7.2 23.9
Source: FMB 2005.
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As a result of the continuing onslaught of the 
forest resources, the ability of the latter to provide 
environmental services has already been compro-
mised. Recent catastrophic floods and landslides that 
claimed hundreds of lives and destroyed millions of 
pesos worth of properties have been associated with 
climate change due to forest denudation. Typhoon 
Ondoy, which hit Metro Manila in September 2009, 
and killed about 500 people, affected approximately 
4 million people, caused damages amounting to 10.4 
billion pesos (~22 million USD), was a vivid ex-
ample of these catastrophic floods attributed by many 
to climate change, forest denudation, and poor solid 
waste management practices that led to clogging of 
waterways. Despite persistent policy formulation and 
reformulation, the past centralised forest manage-
ment approach was unsuccessful in reversing the 
trend of forest depletion.
19.3.2 Inequitable Access to Forest 
Resources and Benefits
The highly centralised forest management has ben-
efited more the privileged few instead of the millions 
of people living in the uplands, who depend on forest 
resources for survival. During the Martial period, 
around 8–12 million ha, or around one-third of the 
country’s total land area, were placed by the central 
government under the control of about 450–470 TLA 
holders (Pulhin 1996). Conversely, millions of for-
est occupants, including the indigenous peoples that 
resided in forest areas prior to Spanish colonisation, 
were regarded as squatters in their own ancestral 
lands. The State treated them as the culprits in for-
est destruction and, in some instances, evicted them 
from these areas to make way for reforestation and 
other development projects.
Recent analysis has traced upland poverty to the 
concentration of natural resources in the hands of 
a privileged few (Broad and Cavanagh 1993). This 
is particularly glaring in the forestry sector, where 
exploitation has been the privilege of logging conces-
sionaires. Problems of upland poverty and inequity 
have contributed to a host of other related problems, 
including increasing insurgency in the countryside 
(Pulhin 1996). To help address this crisis, the civil 
society sector and peoples’ organisations strongly 
advanced a new agenda of democratising control of 
resources by the end of the Marcos dictatorial rule in 
the later part of 1980s. The new agenda called for a 
shift in the control of local resources to community-
based ventures, which were expected to manage re-
source use more sustainably (Broad and Cavanagh 
1993).
19.3.3 Loss of State Credibility to 
Manage the Country’s Resources
The inability of the DENR to address the twin 
problems of forest destruction and upland poverty 
contributed to the erosion of public trust in its cred-
ibility and moral authority to govern the nation’s 
natural patrimony. The “culture of corruption” and 
political patronage that were deeply ingrained into its 
bureaucratic structure, and which found its greatest 
expression during the logging years (Vitug 1993 in 
Pulhin et al. 2007), were also contributing factors. 
Such malpractices extended to the early years of con-
tract reforestation in the late 1980s, when reforesta-
tion contracts became the new tools for patronage. 
In turn, these activities contributed to further forest 
depletion and greater alienation of local communities 
from the government. With the loss of public trust, 
DENR was forced to search for a new management 
paradigm to regain political legitimacy as the primary 
government agency responsible for the conservation, 
management, development, and proper use of the 
country’s natural resources. An offshoot of this new 
paradigm was the 1995 adoption of CBFM as the 
national strategy to achieve sustainable forestry and 
social justice, which is at the core of forest devolution 
policy in the country.
19.3.4 Other Factors
A convergence of other factors drove the policy and 
institutional reform towards the adoption of CBFM 
as a national forest management strategy (Agoncillo 
2000). First is the increasing evidence from many 
studies (Cernea 1985, Blomley 1989, Ostrom 1990) 
that common property regimes (CPR) have performed 
better than the state institutions. This is primarily at-
tributed to the local users’ ultimate knowledge of 
the resource, their relative advantage in monitoring 
resource use due to proximity, and the high degree 
of dependence on forest resources. Second are the 
limited resources available to the government in 
implementing its institutional mandate. Faced with 
scarce resources, DENR had to find efficient ways of 
management and assistance for technical, financial, 
and human resources from other institutions (e. g., 
funding agencies, private groups, NGOs, and local 
communities). Devolution through the CBFM ap-
proach is, therefore, a viable institutional strategy 
both for cost-sharing and cost-cutting of operational 
expenses. The last factor is the changing priority 
of the funding institutions, such as the Ford Foun-
dation and the United States Agency for Interna-
tional Development (USAID), which have focused 
on policy and institutional reforms, strengthening 
of civil society, and other “soft side” development 
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packages. These donors have a strong influence in 
shaping the direction of the government’s policy and 
implementation relevant to the adoption and institu-
tionalisation of a more people-oriented approach to 
forest management.
19.4 types of Community
Forestry
Existing community forestry schemes may be clas-
sified based on how they were originally organised. 
A Ford Foundation-funded research project on the 
“Assessment of Community-Based Natural Resource 
Management in the Philippines,” came up with three 
categories of CBFM in the country on the basis of 
three criteria (Guiang et al. 2001). These are:
1. Self-initiated sites. This category consists of indig-
enous management systems predating any CBFM 
interventions in the area. Examples of these are 
the muyong system of the Ifugaos, the tayans of 
Bontocs, and the sagudays in Sagada, all in the 
Cordillera region. The well-known CBFM ini-
tiative of the Kalahan Educational Foundation 
also belongs in this category. In general, docu-
mentation on this category is as yet very limited, 
compared to the national CBFM programs and 
projects initiated by the DENR.
2. Locally assisted sites. This covers site-specific 
CBFM initiatives in which the development 
of CBFM efforts could be largely attributed to 
partnerships with external entities, sponsors, or 
facilitators such as LGUs (barangay, municipal 
or provincial), local or foreign NGOs, academic 
or research institutions, or locally based national 
government agencies (NGAs). Prominent exam-
ples under this category are the Barobbob project 
in Nueva Vizcaya province; the Landcare move-
ment of the World Agroforestry Centre (ICRAF) 
in Claveria, Misamis Oriental, and Lantapan, 
Bukidnon; and the ASPECTS of the University of 
the Philippines Los Banos Agroforestry Institute 
in Benguet, Iloilo, and Misamis Oriental. With the 
recent interest on decentralisation in the forestry 
sector, there has been increasing documentation 
about these initiatives although, like the self-ini-
tiated sites, the extent of its coverage nationwide 
is yet to be determined.
3. National programs. This category includes all the 
CBFM sites under the nine national programs and 
projects unified through Executive Order 263 and 
DENR Administrative Order No. 96-29, under the 
broader CBFM Program. These are the Integrated 
Social Forestry Program (ISFP), Upland Develop-
ment Project (UDP), Forest Land Management 
Project (FLMP), Community Forestry Program 
(CFP), Low Income Upland Communities Project 
(LIUCP), Regional Resources Management Proj-
ect (RRMP), Indigenous Rainforest Management 
Project (IRMP), Forestry Sector Project (FSP), 
Coastal Environmental Program (CEP), and Rec-
ognition of Ancestral Domains/Claims. Included 
also under this category are watershed manage-
ment and protected areas, which, according to 
DENR Memorandum Circular 97-31, could also 
use CBFM as a strategy for managing certain ar-
eas, such as buffer zones. Available records indi-
cate that the total area under this category ranges 
from around 5.3 to 5.5 million ha (Tesoro 1999, 
DENR/FMB 2000 as cited by Guiang 2001). 
Probably excluded in these estimates are some 
watersheds and protected areas that use CBFM as 
a management strategy. Most literature on CBFM 
tends to focus on this category.
19.5 Accomplishments and 
outcomes
The accomplishments and outcomes of community 
forestry in the Philippines may be gauged on the 
basis of its expressed policy objectives, which are 
as follows:
19.5.1 Improvement of
Socio-Economic Conditions
Under the CBFM program, socio-economic improve-
ment was realised through provision of temporary 
employment and additional income, but to a limited 
number of participants. In a number of cases, these 
benefits were not sustained after the project comple-
tion. One of the challenges for CBFM, therefore, is 
to sustain and spread the benefits to a greater number 
of poor people in the forest communities. There is a 
need to further develop viable and resilient enterpris-
es and other economic opportunities, particularly for 
forest-dependent communities (Guiang et al. 2001, 
Pulhin 2005 in Pulhin et al. 2007).
19.5.2 Promotion of Social Justice
and Equity
It may be argued that social justice and equity have 
been addressed by CBFM at the national level 
through transfer of access and management of 5.97 
million ha of forestland to local communities and 
individuals. Under the old forest management policy, 
the rich TLA-holders monopolised this privilege. 
362
19 PROmOTING SuSTAINABLE FORESTmANAGEmENT THROuGH COmmuNITY FORESTRY 
IN THE PHILIPPINES
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
19 PROmOTING SuSTAINABLE FORESTmANAGEmENT THROuGH COmmuNITY FORESTRY 
IN THE PHILIPPINES
However, the unstable policy on timber harvesting, 
cancellation of CBFMAs nationwide, and the com-
plex procedures and requirements of timber utilisa-
tion have jeopardised the early gains of promoting 
social justice and equity. At the local level, social 
equity and benefit sharing remain important concerns 
(Miyakawa et al. 2005, 2006; Pulhin 2005, 2006). It 
has been observed that the village elites, who were 
mostly the leaders and the more educated members, 
have benefited mainly from CBFM (Dahal and Cap-
istrano 2006). Hence, strategic interventions are still 
needed to achieve the social justice and equity objec-
tives of CBFM.
19.5.3 Sustainable Development of 
Forestlands and Resources
Several studies have discussed the positive contribu-
tions of CBFM towards the sustainable development 
of forestlands and resources in the Philippines (e.g. 
Guiang et al. 2001; Miyakawa et al. 2005, 2006; 
Pulhin 2005). These include increase in forest cov-
er, adoption of improved farming technologies, and 
sustained collective action in forest protection. For 
instance, DENR records indicate that CBFM efforts 
have contributed to the establishment of about 0.5 
million ha of agroforestry, tree plantations, and man-
grove rehabilitation within the 5 503 CBFM sites 
over the last decade. Similarly, participating com-
munities in CBFM areas were central in the protec-
tion of close to 5 million ha of forest lands under 
various forms of tenure. However, the continuing 
pressure among the CBFM participants to engage in 
illegal and destructive practices to generate income in 
the absence of sustainable livelihood, and the press-
ing need to install effective local management by 
strengthening POs’ capacity and institutional sup-
port, remain as challenges in attaining sustainable 
forest management.
19.5.4 Promotion of Healthy
Environment
The impacts of CBFM on environmental quality 
are positive in many areas (Pulhin et al. 2008). The 
people point out soil and water conservation efforts 
that purportedly have improved water supply, soil 
fertility, and microclimate. Lasco and Pulhin (2006) 
also concluded that CBFM and technologies, such as 
agroforestry and tree-farming, have led to the conser-
vation of natural forests and biodiversity. While the 
planting of more trees undoubtedly has conservation 
and carbon sequestration effects, these have yet to 
be quantified.
In summary, achieving socio-economic objec-
tive is CBFM’s key challenge. At the national level, 
CBFM has contributed significantly to promoting 
social justice and equity, but much work is needed to 
improve its impact at the local level. In terms of en-
vironmental objectives, it has been advancing forest 
development and protection, and promoting a health-
ful environment, although social and institutional 
threats to sustainability remain to be addressed.
19.6 enabling environment
and Reinforcing Mechanisms
While community forestry has significantly contrib-
uted to improving the forest condition and to pro-
moting the socio-economic well-being of the local 
communities, a number of important factors were 
observed to either facilitate or hinder the potential 
of community forestry in achieving its goals and 
objectives. These are as follows:
Policy
Policy-wise, there are enough supporting policies 
for the implementation of community forestry in 
the country. All the different programs and projects 
listed above are supported by appropriate policy pro-
nouncements. Pulhin et al. (2007) provide a com-
prehensive list of these policies from the 1970s to 
the present. In general, these policies provided the 
legal framework and enabling institutional mecha-
nism that provided the political space and support 
to local communities to participate actively in forest 
management initiatives by providing them with the 
opportunity to benefit in the process while promoting 
sustainable forest management. However, as will be 
discussed below, the instability of a variety of poli-
cies also works against the achievement of CBFM 
objectives.
Land Tenure
The CBFM program in the Philippines is considered 
progressive because of its land tenure and resource 
use rights features (Utting 2000 in Pulhin et al. 2007). 
In theory, the issuance of various tenure instruments 
under CBFM promotes a “win-win” strategy for both 
the government and the local communities. Granting 
of tenure to communities terminates the open access 
nature of forestlands. At the same time, it devolves 
the responsibilities of management and protection to 
the local communities at minimal costs. In principle, 
the “bundle of rights” associated with the issuance 
of land tenure instruments includes the right of ac-
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cess, use, management, and exclusion of others in a 
given forest area, which promises to provide substan-
tial benefits to communities. However, withholding 
this bundle of rights in the course of implementation 
results to further burden the communities with the 
tasks of forest development and protection, which, 
in the long run, is counterproductive to the achieve-
ment of community forestry objectives. A recent 
study by Pulhin et al. (2008) involving four CBFM 
cases showed that much of the control still remains 
with the DENR. While in theory, CBFMA allows 
the transfer of rights to its recipient POs in terms of 
access, use, management, and exclusion, in reality, 
these rights are very conditional and subject to bu-
reaucratic procedures and regulations. For instance, 
the cancellation of CBFMA by the DENR Secretary 
in 2006 deprived the PO members of the full bundle 
of rights. Likewise, harvesting of forest products 
like timber requires a Resource Use Permit (RUP), 
which takes a long time (2–6 months) to acquire and 
involves a high transaction cost, especially if the 
PO is far from the DENR Central Office where the 
RUPs are processed. In addition, CBFMA holders 
are required to prepare management plans, such as 
the Community Resource Management Framework 
and Five-Year Work Plan, which are very technical 
and beyond the capacity of many POs.
Institutional Linkage
The institutional linkages and partnerships created 
through the different CBFM initiatives provide 
important support mechanisms for effective imple-
mentation. For instance, the USAID, through the 
Philippine Environmental Governance (EcoGov) 
Project, was very instrumental in strengthening and 
institutionalising the DENR-DILG-LGU partnership 
through policy support and on-the-ground implemen-
tation of forest devolution initiatives supportive of 
CBFM implementation.
Financial Support
Liberalising forest access to upland communities and 
the experimentation with more “people oriented” for-
estry programs caused external assistance for forestry 
projects to flow into the country. Between 1988 and 
1992, the country had obtained five forestry-related 
loans with a total amount of USD731 million. This 
represented a more than 10-fold increase in compari-
son to prior loans for forestry (Korten 1994 in Pulhin 
et al. 2007). In addition, an undetermined amount 
of other external assistance, e.g., grants and techni-
cal support, were provided by the Ford Foundation, 
USAID, the German and Swedish governments, and 
other agencies.
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Photo 19.2 the instability of CBFM policies and complex regulatory environment undermine the achieve-
ment of CBFM objectives (north luzon).
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19.7 Issues, Challenges, and 
opportunities
After almost 30 years of implementation, several au-
thors have identified a number of issues, challenges, 
and opportunities associated with community forest-
ry implementation, which include the following:
◆ Insufficient number of qualified staff. The shift in 
forest development from being technical to one 
that is more social or people-oriented (Rebugio 
1998) necessitated for DENR and LGU staff who 
had knowledge and skills on community develop-
ment and related social science disciplines, such 
as sociology, anthropology, economics, to name 
a few. During the early period of community for-
estry implementation, the DENR and the LGUs 
did not have this personnel complement. Hence, 
the DENR added in its roster of personnel, Com-
munity Development Workers and Community 
Development Assistants, who were assigned to 
work with the community forestry projects. Exac-
erbating the personnel problem was the shortage 
of resources, incentive/reward systems, and logis-
tical support to provide adequate and meaningful 
assistance to participating POs (Miyakawa et al. 
2005, 2006; Pulhin 2005).
◆ Unstable policies on CBFM. Specifically, the 
series of suspensions of resource use permits 
(privilege to extract and utilise forest resources 
inside CBFM areas) nationwide, as well as the 
temporary cancellation of CBFMAs, have resulted 
in loss of livelihood and forest destruction in many 
areas (Pulhin and Inoue 2008). These arbitrary 
suspensions of RUPs and temporary cancellations 
of CBFMAs were due to reported abuses of some 
CBFMA holders apparently allowing other par-
ties to do harvesting for them. Similarly, complex 
procedures and requirements on timber utilisa-
tion results in inefficiency, high transaction costs, 
and graft and corruption at the local level (Dugan 
and Pulhin 2006). Such is the case of the Ngan, 
Panansalan, Pagsabangan Forest Resources De-
velopment Corporation (NPPFRDC), which had 
experienced the adverse impacts of three national 
RUP suspensions (Box 19.1).
◆ Limitation of the government to implement the 
IPRA Law. In the case of the Ikalahan Educational 
Foundation (KEF) in the Northern Philippines, 
Pulhin et al. (2008) cites that as government’s 
gesture to uphold the rights of the Iklahans over 
their ancestral land, the government promulgated 
the Indigenous Peoples’ Rights Act. However, 
the government seems to lack the commitment 
to fully implement the law, as shown by the mini-
mal budget received by the National Commission 
on Indigenous Peoples, the agency mandated to 
oversee the concerns of the indigenous peoples.
◆ Livelihood support was ill-conceived and often 
not sustainable. Various livelihood projects have 
been identified and tested in all the CBFM areas, 
including both forest- and non-forest-based in-
come-generating projects. These include, among 
others, agroforestry, reforestation contracts, tim-
ber harvesting and sale, livestock raising, mush-
room production, food processing, cooperative 
stores, credit assistance, etc. Most initiatives, 
The success of CBFM is hinged on a stable policy 
that ensures the protection of communities’ rights 
over their forest lands and resources. However, 
there were several instances when the different 
secretaries of the DENR (Antonio Cerilles, Elizea 
Gozun, Michael Defensor) suspended the issuance 
and implementation of RUPs. The actions of the 
former DENR secretaries had adverse effects on 
the livelihood, income, and forest protection efforts 
of the CBFM participants nationwide. They have 
also contributed to the demoralisation and continu-
ous erosion of trust by the local communities as to 
the DENR’s sincerity to implement an honest-to-
goodness community forestry program. This is best 
illustrated by the case of NPPFRDC, which expe-
rienced the adverse impacts of the three national 
RUP cancellations/suspensions on its livelihood, 
forest development, and forest protection activi-
ties. The unstable tenure and resource use policy 
can be attributed to the absence of a legislated law 
that supports CBFM. Since Executive Order 263 
is just a Presidential issuance, and its implement-
ing rules and regulations are issued by the DENR 
secretary, the CBFM policy is very vulnerable to 
political pressures and the whims and wishes of 
whomever occupies the top DENR position. The 
way to stabilise tenure and resource use policy is 
to enact a forestry law that supports tenure security. 
(Source: Pulhin et al. 2008.)
Box 19.1 ngan, Palansalan, Pagsabangan Forest Resource development Cooperative’s (nPP-
FRdC’s) experience with cancellation of Resource use Permit due to the absence of a 
legislated law that supports CBFM
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however, were ill-conceived, short-lived, and were 
discontinued due to a combination of technical, 
financial, marketing, social, and managerial prob-
lems, as well as natural calamities like typhoons 
and drought.
◆ Weak development of timber processing and mar-
ket integration. Agroforestry products and timber 
harvested from natural and plantation forests are 
rarely processed locally, thus can hardly generate 
added value for the POs. Similarly, products are 
usually not linked to viable and stable markets, 
which prevents POs from obtaining adequate ben-
efits from these products.
◆ Monitoring and evaluation usually stops with 
the expiration of project assistance. The existing 
management information system (MIS) at DENR 
was not designed to support decision making at 
various levels of DENR to assist local commu-
nities and other stakeholders in the continuation 
of monitoring and evaluation activities (Pulhin 
2005).
◆ Lack of appropriate mechanisms for community-
private sector partnerships. There are no adequate 
incentives yet to encourage private sector partners 
to invest in CBFM areas. At the same time, there 
are also no safety nets in place that will guarantee 
the protection of the community interests in case 
such partnerships materialise (Miyakawa et al. 
2005).
◆ Limited organisational capacities of POs. Com-
munity activities that are part of state devolution 
policies only generate superficial organisational 
capacities and alliances among the POs due to 
the fact that they are not organically based on 
natural processes, and due to their reliance on 
bureaucratic parameters (Contreras 2006).
19.8 Conclusion and lessons 
learned
In the Asia-Pacific region, the Philippines is among 
the few countries that are at the forefront of devel-
oping innovative and pioneering policies to advance 
the goal of sustainable forest management through 
community forestry. Analysis of various commu-
nity forestry initiatives in the country indicates that 
CBFM may be viewed as a radical and progressive 
structural policy reform in the forestry sector by re-
placing the century-old TLA approach of forest utili-
sation. Under the CBFM, access to and benefits from 
forest management were democratised by transfer-
ring certain management rights and responsibilities 
to the forest communities. The historical overview 
indicates that the willingness to accept the local 
people as forest managers and to set up the CBFM 
Program was shaped by a confluence of many ac-
tors with diverse interests at the local, national, and 
international levels.
Despite wide coverage of areas devolved to local 
communities, totalling close to 6 million ha, current 
nationwide outcomes of state-initiated national com-
munity forestry programs and projects in the Philip-
pines are still far from achieving their stated objec-
tives. While regime change from authoritarianism to 
democracy has had a great influence in democratising 
resource access in favour of local communities, deci-
sion-making power on the use and control over forest 
resources in the post-authoritarian regimes by and 
large remains at the central DENR bureaucracy level. 
Recent experiences in the suspension of resource use 
rights and cancellation of more than 1000 CBFMAs 
nationwide (Pulhin et al. 2007) have resulted in loss 
of livelihood and forest destruction in many areas, 
and have threatened the achievement of sustainable 
forest management. The frequent change in the top 
leadership of the DENR is one important reason for 
its failure to transform into a supportive mechanism. 
With every change in the leadership, program priori-
ties are likewise changed, thereby jeopardising the 
successful implementation of the CBFM program. 
This has also dampened the enthusiasm of the local 
forest communities that have proved themselves to 
be potential partners in forest development when 
fully empowered.
Notwithstanding its limitations, the Philippines’ 
community forestry initiatives have a lot to offer to 
other countries as lessons in promoting sustainable 
forest management. Some of these key emerging les-
sons are as follows (Pulhin et al. 2007):
The foundation of sustainable forest management 
is an enabling legislated policy.
The presence of legislated policy on community for-
estry and secure land and resource tenure provides 
more stability and clear direction in implementing, as 
well as securing, an incentive system for the partici-
pating communities. “Soft rights” embedded in some 
land tenure instruments that are not legislated do not 
provide sufficient incentive to encourage communi-
ties to invest their human and financial resources 
into forest management. These rights are very vul-
nerable to political pressures and changes, and can 
easily result in adverse socio-economic and envi-
ronmental impacts when immediately suspended or 
withdrawn. Moreover, legislated community forestry 
policy should be “enabling” rather than “enforcing.” 
It should be flexible enough to accommodate varying 
local conditions, facilitative rather than restrictive, 
and simple enough for communities to understand 
and enforce.
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Pursuing sustainable forest management through 
community forestry requires the reinvention of a 
forestry agency.
The adoption of community forestry strategy re-
quires a whole new set of knowledge, skills, values, 
and attitudes within the forestry bureaucracy. This 
means a major departure from the traditional regula-
tory or policing function that the forestry agency has 
been playing for centuries towards a more supportive 
and facilitative role to assist communities to improve 
their livelihood and the condition of the forests. As 
such, the forestry agency has to reinvent itself to 
be able to cope with this new role, and maintain 
relevance. In terms of governance, this requires de-
volving not only responsibilities but also authorities 
to local communities, changing outmoded regulatory 
policies and procedures, and retooling of staff to 
effectively perform negotiation, conflict resolution, 
extension services, and related developmental skills 
to better serve the local communities.
Sustainable livelihood is a pre-requisite to the 
achievement of sustainable forest management.
In countries like the Philippines, where a significant 
number of people depend on the forest as major or 
supplementary sources of livelihood, it would be illu-
sory to even think of sustainable forest management 
unless it is linked to the promotion of livelihood. This 
implies that in forest-rich areas, imposing a log ban 
is not a viable option in the absence of viable alter-
native livelihood sources for the local communities. 
Similarly, in marginal sites and in protected areas, 
where forest harvesting is not possible or allowed, 
community forestry efforts should have a strong live-
lihood component. People can only accommodate 
high objectives of biodiversity and climate change 
mitigation when these can demonstrate direct and 
tangible benefits to the people’s livelihoods, or if 
the costs are minimal.
Capacity building goes beyond the community 
level to include the major supporting agencies.
Communities as de facto forest managers need com-
prehensive and continuing capacity building encom-
passing the whole range of technical, managerial, fi-
nancial, and organisational aspects of sustainable for-
est management. Necessary support systems should 
likewise be provided, such as appropriate policies, 
incentives, and logistical support to better perform 
their forest management responsibilities. The chal-
lenge of continuing capacity building, however, goes 
beyond the community level. The extent to which 
the capacity of the local communities may be built 
can only go as far as the capacity of the supporting 
agencies allow. This implies that the competence 
of support-providing agencies, such as the forestry 
department and the LGUs, should likewise be con-
tinuously enhanced. Adequate resources should, 
therefore, be allocated towards this end in planning 
for community forestry programs.
While sustainable forest management is a long and 
costly process, the availability of financial support 
by itself does not guarantee success.
Sustainable forest management is a long and costly 
process, and there is an almost universal lack of re-
sources needed to properly manage tropical forests. 
The International Tropical Timber Organization adds 
that the most debilitating weakness in tropical forest 
management is the “failure to develop an adequate 
and reliable system on a global scale for funding the 
additional costs involved in putting sustainable forest 
management into practice in the forest.” However, 
while secured funding support is indeed necessary, it 
does not ensure the achievement of sustainable forest 
management. The major challenge is to effectively 
use these resources to build the local capacity and 
to put in place the necessary policy and institutional 
support systems to effect more sustainable and eq-
uitable forest management and governance. Also, 
CBFM approaches should be developed to be based 
on mobilising local resources, including harvesting 
forest resources, instead of being fully dependent on 
external financial assistance.
Social processes that ensure greater participation 
of local communities and other legitimate stake-
holders in the management and sharing of benefits 
from forests should be adequately developed.
One of the unique features of forest resources is that 
multiple stakeholders are associated with its multiple 
uses and represent local to global interests. Thus, ef-
forts towards sustainable forest management need to 
consider these varying interests, without marginalis-
ing the concerns of the local communities, especially 
those whose lives depend on these resources for sur-
vival. This calls for the development and institution-
alisation of social processes that will ensure that the 
local communities and other legitimate stakehold-
ers are able to participate meaningfully in decision-
making concerning forest management and benefit-
sharing from forests. It also requires the development 
of a strong social movement (such as the Federation 
of Community Forestry Users in Nepal-FECOFUN) 
to provide countervailing force against the overly bu-
reaucratic and centralised decision-making processes 
of the state, which can work against the interests of 
the local communities.
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20 Genetic Resources and Conservation 
of Mahogany in Mesoamerica
Convening lead author: Carlos Navarro
Lead authors: David Boshier, Stephen Cavers and Andrew Lowe
Abstract: We review here the scale of neutral and adaptive genetic variation of ma-
hogany (Swietenia spp.), one of the most valuable tree species in the world, and relate 
this information directly to provenance performance, and seed transfer and sourcing 
recommendations. Further, we explore a series of scientific issues directly related to 
critical day-to-day management of mahogany, giving guidelines to maximise genetic 
diversity outcomes in natural, remnant, sustainably harvested, and/or restored forest 
landscapes. The study concludes that conservation and sustainable management of 
mahogany genetic resources cannot be simply defined in terms of one-size-fits-all solu-
tions, and requires local community involvement to prevent illegal logging and ensure 
mutual benefit. Landscape level strategies for the effective management of mahogany 
trees outside of forests urgently need to be developed, together with strategies to 
promote the benefits of different agroforestry practices. There is also a requirement 
for conservation planners to consider that trees found outside protected areas have a 
role in the conservation. In wide-ranging species, promoting international collaboration 
for collecting, characterising, and conserving genetic resources is vital as international 
consensus is needed to streamline phytosanitary procedures, to facilitate the exchange 
of forest reproductive material, and assist genetic resource conservation efforts.
Keywords: mahogany, Swietenia, conservation, management, policies, genetic diversity, 
genetic resource, agroforestry
■
20.1 Introduction
Mahogany is one of the most highly valued tim-
bers in the world. It has been economically vital for 
isolated communities in many countries in Meso-
america; in counterpart, exploitation of mahogany 
in South American countries has been developed by 
enterprises with higher economic capacity. Within 
its natural range, some deprived communities still 
depend exclusively on the use of this species as a raw 
material for making handicrafts and valuable furni-
ture, including doors, tables, and desks. However, the 
species is also used broadly in international markets 
to produce a diverse range of products, for example, 
building yachts and other luxury goods. Mahogany 
is the most important native species in terms of the 
volume exported from Guatemala, with more than 
80% of the total volume (CONAP 2008). Much of 
this wood is logged by community concessions that 
are of highly socioeconomic importance for live-
lihoods in areas where there are no other income 
options. In other countries, the exploitation is made 
by companies and the income is not perceived by 
the communities.
The prices of mahogany wood are among the 
highest timber prices in the world; currently, the price 
is around USD 1700 (Ortiz 2007). W could not get 
recent information or publications on the exports and 
imports, but we did get access to the database of the 
Convention on International Trade in Endangered 
Species (CITES), from which we summarised the 
exports and imports for all the countries. From 2006 
to 2009, the exports were around 113 510 cubic me-
ters, and the imports for the same years were 111 602 
ReGIonAl exAMples of foRest RelAted 
ChAllenGes And oppoRtunItIes
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cubic meters (UNEP-WCMC 2010). Data on the in-
ternal use of mahogany at the country level was also 
not accessible.
In general, a decrease in mahogany exports since 
2002 has occurred in the main exporting countries, 
but another species, Cedrela odorata (Spanish-cedar, 
a member of the mahogany family, Meliaceae), has 
been logged for export and is called the “new mahog-
any.” In 2008, an internal report by National Institute 
for Natural Resources (INRENA) estimated that as 
much as 70% of the Cedrela odorata exports could 
have been of illegal origin (INRENA 2008).
Logging of mahogany is frequently correlated 
with increased deforestation rates, as ranchers and 
smallholder agriculturalists follow logging roads 
into previously inaccessible frontier regions (Verís-
simo et al.1995). In this case study, we consider the 
issues of genetic diversity, mating systems, seed- and 
timber-sourcing, and genetic resource management 
and relate them to strategies for the conservation, 
sustainable use, and restoration of mahogany popula-
tions. Complementary reviews on demography have 
been made by Grogan et al (2008).
Genetic diversity is the basis for adaptability 
and is essential for long term stability of popula-
tions and tree breeding for production, whether in 
plantations or by natural regeneration. It provides 
the potential for species to resist pests and diseases, 
and adapt to different environments. The conserva-
tion of genetic diversity and genetic resources is par-
ticularly recognised by the Intergovernmental Panel 
on Climate Change (IPCC 2007) as important for 
adaptation to predicted climate change. Deforesta-
tion reduces the genetic diversity of trees through 
direct loss of diversity, disruption of gene flow, and 
genetic isolation (Lowe et al. 2005), which can lead 
to inbreeding and associated reductions in fitness 
(Bawa and Dayanandan 1998). But within certain 
limits, gene flow and resilience allows forest trees 
to adapt to fragmentation.(Hamrick 2004). Added to 
these impacts, economically important species are 
faced with additional pressures, such as selective re-
moval of phenotypically superior individuals during 
logging (possible dysgenic selection) and consequent 
devaluation of the remaining stand (Navarro and Her-
nandez 2004, Cornelius et al. 2005).
The contrasting interests of production and 
ecological restoration mirror underlying scientific 
issues. The source of planting stock needs to be con-
sidered at both the population level and the individ-
ual level; i.e., which populations and which trees 
within that population? The key scientific question 
is how gene flow and selection interact to influence 
population delimitation and reproductive fitness. 
The relationship between genetic diversity, habitat 
heterogeneity, and the scale of adaptation in trees 
is complex and involves a variety of factors. Gene 
flow may counteract even fairly strong selection and 
prevent the formation of locally adapted populations, 
although very strong environmental variation (hence 
selection pressure) may produce adaptive differences 
over short distances, despite continued high levels of 
gene flow (Broadhurst et al. 2008). Since the genetic 
composition of seed is affected by patterns of pollen 
flow, the extent of localised adaptation and fitness 
may vary with pollen flow from differing environ-
ments.
Human disturbance can thus have considerable 
and far-reaching genetic consequences through its 
impact on changing patterns of pollen flow (Lowe 
et al. 2005). Furthermore, deforestation and other 
environmental changes may mean that previously 
well-adapted local populations become less so. In 
this context, the dangers of using inbred germplasm 
in tree species are clear. Trees generally carry high 
genetic loads (deleterious recessive alleles, see Wil-
liams and Savolainen 1996) such that inbreeding and, 
in particular selfing, may lead to reduced fertility, 
slower growth in progeny, and increased susceptibil-
ity to pests or diseases (e.g., Park and Fowler 1982, 
Sim 1984, Griffin 1991). Furthermore, deforestation 
and other environmental changes may reduce the 
adaptive potential of local populations, a dangerous 
scenario when coupled with altered patterns of pollen 
flow and reductions in genetic diversity.
This chapter uses mahogany (Swietenia spp.) as 
a case study to show how policy and management 
issues can be directly addressed through studies of 
the levels and scales of adaptive/neutral genetic vari-
ation and gene flow across fragmented landscapes. 
The chapter examines a series of scientific issues that 
are directly related to critical day-to-day manage-
ment and policy drivers that aim to maximise bio-
diversity outcomes (predominantly genetic diversity) 
in natural, remnant, sustainably harvested, and/or 
restored forest landscapes.
In particular, we examine:
1. The level and scale of adaptive/neutral genetic 
variation – related directly to provenance delinea-
tion, seed transfer guidelines, and what should be 
understood when people talk about using a local 
“seed source.”
2. Genetic dynamics and mating patterns in ma-
hogany – related directly to good seed collection 
practice.
3. Lessons for managing natural forests and land-
scape contexts.
	 •	 Sustainable	logging	–	How	many	seed	trees	to
  leave?
	 •	 Potential	for	tracing	timber	source
	 •	 Harnessing	natural	regeneration	and	directing
  forest restoration
	 •	 Fragmentation	and	trees	outside	of	forests
	 •	 Biodiversity	corridors	and	landscape	mosaics
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We will also identify opportunities and threats for 
the conservation and sustainable use of mahogany 
genetic resources, and the best examples of institu-
tional capacities.
Swietenia species, extraction history and ecology
The genus Swietenia comprises three species, all of 
which are restricted to the neotropics and with geo-
graphical distributions that are almost completely 
separate.
◆ Swietenia humilis – Pacific Coast Mahogany. Pa-
cific watershed of Central America/Mexico.
◆ Swietenia macrophylla – Big Leaf Mahogany. 
Atlantic watershed of Central America/Mexico, 
in South America south to Bolivia.
◆ Swietenia mahagoni – West Indian Mahogany. 
Southern Florida, Cuba, Jamaica, Hispaniola.
Swietenia spp. (mahogany) has a long history of be-
ing logged. More recently, commercial exploitation 
has intensified as improved logging techniques and 
expanding transportation networks have made it pos-
sible to cut timber at ever greater distances from mar-
kets. Cutting moves from population to population 
as sources become commercially viable. Changes 
in land use have also had severe effects on mahogany 
populations. Increasing use of land for agriculture, cat-
tle farming, urbanisation, and forest exploitation has 
increased habitat fragmentation. The distribution and 
demographic density of mahogany has consequently 
declined markedly. For example, in Central America, 
the presence of natural forests that contain important 
populations of mahogany has been reduced to one-
third of that originally surveyed by Lamb (1966), see 
maps in Navarro et al. (2003). Depletion of Swietenia 
spp. requires action to conserve its genetic resources 
in order to ensure the adaptive potential of natural 
populations, as well as to provide material for selec-
tion for restoration and plantation. All three Swiete-
nia species are currently listed on CITES Appendix 
II, which restricts their international trade to legally 
sourced and sustainably managed supplies.
Swietenia species are early- to mid-succession, 
long-lived trees that reach or surpass the canopy of 
mature forest, requiring moderate to high light for 
successful establishment and good early growth. Re-
generation after logging is the main issue for sustain-
ing natural forest populations. Key factors include 
adequate seed sources and germination, and appro-
priate sites and light conditions for establishment. 
Complete removal of populations poses a threat, as 
do population reductions from logging or forest frag-
mentation, which may reduce genetic variation and 
lead to increased isolation and inbreeding. Equally, 
however, “sustainable” logging strategies may fail to 
maintain populations if gap creation is inadequate to 
provide appropriate light conditions to allow regen-
eration (Grogan et al. 2008). Both conservation and 
effective management are required for maintenance 
of genetic resources.
20.2 Regional Genetic 
Variation and provenancing
Considerations of sustainability, ecological resto-
ration, and conservation of biodiversity often lead 
to promotion of “local” seed sources for planting. 
However, the concept of “local” is a relative one, 
depending on the scale over which adaptation oc-
curs. The definition of “local” seed collection zones 
is often arbitrary in the absence of information about 
population delimitation. But what does local mean 
in this context, and can scientific evidence answer 
the question: “How local is local?” In other words, 
do stands of mahogany show local adaptation, and, 
if so, over what geographic scale does this occur? 
How much similarity is there between different for-
ests, and are neighbouring stands more similar than 
distant ones?
The paradigm of local adaptation is widely in-
voked in habitat restoration and more general seed 
sourcing for planting. Local genotypes are assumed 
to be better adapted to local conditions because natu-
ral selection increases the frequency of genes for 
fitness. The scale over which species show adaptation 
to their environment depends on the variability of the 
habitat characteristics that affect them (Broadhurst et 
al. 2008). Local adaptation, which is widespread in 
herbaceous plants, is not an inevitable outcome for 
trees. Key differences between herbaceous plants and 
trees suggest that many widespread trees may fail to 
show local adaptation at a narrow geographic scale 
because it may be hindered by extensive pollen/seed 
dispersal and opposed by selection due to environ-
mental variation over time (Hampe and Petit 2006). 
Long life spans mean a site no longer necessarily 
experiences the same environment under which the 
trees originally evolved. Yearly variations in rainfall 
and other climatic conditions are likely to have a 
stabilising or balancing effect, keeping populations 
similar, rather than the directional selection that 
drives divergence among populations and can lead 
to highly localised adaptation.
There are two main sources of information on 
the patterns of genetic variation and levels of adapta-
tion in trees. Firstly, field experiments, mainly in the 
form of provenance and progeny trials, can provide 
estimates of levels and distribution of quantitative 
genetic variation, heritability of particular traits, and 
the extent of genotype x environment interaction. 
Secondly, DNA-based genetic markers allow for 
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direct study of the distribution of genetic diversity 
within and between populations. Neutral genetic 
markers, from both nuclear and organelle genomes, 
can identify and potentially date (using molecular 
clock approaches) the occurrence of major genetic 
discontinuities across which there is no current gene 
flow (e.g., sharp climatic zones; Cavers et al. 2003, 
2004; Dick and Heurtz 2008). Identification of ge-
netically based population/adaptive differentiation 
has the potential to significantly influence germplasm 
conservation, collection, and utilisation strategies 
(e.g., Lowe et al. 2000, Petit et al. 2002). Molecular 
studies can play important roles in targeting priority 
areas for conservation and in determining effects of 
logging on genetic diversity.
20.2.1 Field Trials
The differing topography, environment, and geo-
logical history encountered across the range of 
widespread species can have a significant impact 
on genetic differentiation between regions. Across 
their wide geographic distributions, mahogany spe-
cies appear to be adapted to a wide range of different 
environments and soils, e.g., heavy clay soils, season-
ally flooded vertisols in flat lands, inceptisols in slopes 
of over 70%, rich volcanic soils, calcareous soils in 
dry areas, and poor soils with high aluminium or iron 
content (Navarro et al 2003). Trials established under 
a range of sub-tropical climates in Puerto Rico show 
clear adaptive differences between the three species 
with distinct responses to different climates and soils. 
Swietenia macrophylla grew best in the sub-tropical 
moist and wet zones, but died earliest in the dry zone. 
S. humilis grew best and survived longest in the dry 
and moist zones, and grew least and died soonest 
in the lower montane wet zone. S. mahagoni lived 
longest in the dry zone (Ward and Lugo 2003).
Existing field trials of a range of provenances 
(i.e., Mexico to Panama)(Figure 20.2) and species 
established in Costa Rica (Navarro and Hernandez. 
2004), Honduras (Boshier and Billingham 2000), 
Mexico (Wightman et al. 2008), Puerto Rico and the 
US Virgin Islands (Ward and Lugo 2003) can give 
important information about the geographic scale of 
adaptive variation in S. macrophylla, S. humilis and, 
to a lesser extent, S. mahogani. In these trials, local 
material was tested against material collected from 
sites increasingly distant from the provenance trial 
site. For S. macrophylla, differences in provenances 
from across the Mesoamerican region show a cor-
relation between a range of growth and survival mea-
sures (e.g., percent of germination of directly sown 
seed, survival and growth of 2–14 year old trees) and 
patterns of ecological or geographic variation (Geary 
et al. 1973, Newton et al. 1999, Ward and Lugo 2003, 
Navarro and Hernández 2004). However, this was not 
always reflected in local adaptation. Instead, some 
provenances grew well on all sites, whereas others 
were uniformly poor, even when grown in the cli-
mate they originated from. At the scale of provenance 
sampling, covering distances up to 250–450 km, no 
Sardinal
Rocosol
Los Chiles
La Cruz
Yotau
La Chonta
Jorge Cruz
Sapecho
San Borja
Bolpebra
0.00 5.15 10.30 15.45 20.60
figure 20.1 dendrogram obtained using cluster analysis (Ward method, euclidean 
distance) from populations in Costa Rica and Bolivia using the descriptors of seeds, 
seedlings, and dry biomass.
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differences were observed in terms of germination 
or survival. However, there was some evidence that 
local provenances performed better than non-local 
sources in terms of shoot borer Hypsipyla grandella 
attack, although this did not translate into superior 
growth of the local provenances. Within the Yucatan 
Peninsula, there were no discernible provenance dif-
ferences for S. macrophylla, which probably reflects 
the shallow environmental gradients for tempera-
ture and soil in this region. Population differentia-
tion might also be inhibited by large-scale historical 
disturbances from hurricanes, or deforestation due 
to slash-and-burn agriculture associated with histori-
cally high human (Mayan) population densities. In 
S. humilis, there were reciprocal differences between 
provenances, with home-site advantage for growth 
and survival over a 250 km distance (Honduras and 
Costa Rica material, Boshier 2000).
Thus, from these trials, there is little evidence 
for local adaptation in S. macrophylla and S. humilis 
at distances of less than 250 km. However, where 
populations are sampled across strong bioclimatic 
gradients, evidence for local scale adaptation exists. 
For example, Basil (2007) found high quantitative 
differentiation, as evidenced by Q
st
 values, between 
populations across the Guanacaste Cordillera, which 
separates humid and dry populations. In addition, 
Basil (2007) found high differentiation values be-
tween the same populations, potentially caused by 
the altitudinal barrier or by phenological isolation 
because the timing of flowering is triggered by sea-
sonal changes, the timing of which differs on either 
side of the mountains. There was also a very high 
differentiation between populations in Bolivia and 
Costa Rica, which probably reflects divergent adap-
tation to tropical and subtropical conditions (Figure 
20.1).
20.2.2 Management Units – Nuclear 
Variation
Nuclear microsatellite markers have been used to 
assess overall levels of genetic variation in mahogany 
populations, the differences within stands and be-
tween stands, and how this variation is distributed 
across Central America and Mexico. Nuclear mark-
ers reveal recent levels of pollen and seed movement 
between stands, i.e., the gene flow. If stands are ge-
netically similar, there must be high levels of gene 
flow between them, mainly due to pollen movement. 
Conversely, stands with very different genetic com-
positions must have low levels of gene flow, resulting 
in little genetic mixing between them. Recent surveys 
of genetic variation within the mahogany nuclear 
genome have revealed further genetic substructuring 
across Central America (Figure 20.2).
Based on molecular markers (microsatellites and 
Random Amplified Polymorphic DNAs [RAPDs]), 
populations from the Yucatan Peninsula (Mexico and 
Guatemala) were genetically distinct from other Cen-
tral American populations. Within Honduras, Nic-
aragua, and Costa Rica, Pacific watershed popula-
tions were distinguished from those of the Atlantic 
watershed (Figure 20.2). Considering that Central 
American countries and Mexico have several cordil-
leras higher in altitude than the distribution of the 
mahogany, they make impassable barriers that pre-
vent gene flow, so the variation is partitioned across 
geographic barriers, such as mountains, as well as 
distance. Re-analysis of the mahogany microsatel-
lite data from Mesoamerica in Novick et al. (2003) 
showed that this differentiation was better explained 
by an “isolation by resistance model” (McRae and 
Beier 2007). Within Central America, the minimum 
distance over which a genetic difference is observed 
figure 20.2 A dendrogram based on nei’s genetic distance algorithm, derived from varia-
tion at eight nuclear microsatellite loci demonstrating clustering of Central American 
mahogany populations based on genetic similarity (sample locations shown on map, 
modified from novick et al. 2003. A similar pattern was also found by Gillies et al. 1999). 
Reprinted with the permission of Wiley-Blackwell.
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is about 500 km, although genetic differences be-
tween Pacific and Atlantic populations occur over 
shorter spatial scales (1–200 km), where climatic 
and physical (including soil) differences are signifi-
cant. RAPDs showed that populations in Mexico had 
low levels of diversity, whereas a severely threatened 
unlogged forest fragment (Quintin, Panama) was one 
of the most diverse (Gillies et al. 1999). For manage-
ment purposes, gene flow discontinuities should be 
recognised so that a “genetic unit” would comprise 
populations among which gene flow is significant, 
which, ideally, is done using molecular markers. Given 
conservation of a range of populations within a genetic 
unit (200–500 km in the case of mahogany), such a 
strategy would ensure a broad-based pool of standing 
genetic variation with potential for dispersal among 
populations.
20.2.3 What is the Scale of a Coherent 
Genetic Unit?
Analyses of spatial genetic structure and gene flow 
within populations indicate limited seed dispersal 
distances (up to 100 m, Lowe et al 2003), but much 
higher pollen flow distances, 200 m to 2 km in intact 
forest, and up to 4.5 km in fragmented areas (White 
et al. 2002). However, in the forest studies, the rare 
long-distance dispersal component was not estimated 
and so these maximum values are very likely to be 
lower limits of pollen flow; the estimates from frag-
mented forests show what is achievable. Analyses 
of regional genetic structure from both Central and 
South America indicate significant genetic differen-
tiation over distances greater than 100 km (Lemes et 
al. 2003, Novick et al. 2003). However, in southern 
Amazonian populations, similar levels of differentia-
tion were recorded only at much greater geographic 
distances (up to 500 km) (Lemes et al. 2003). The 
differences between these two ranges is likely to be 
due to the increasing topographic and environmental 
variability in Central America, compared to the rela-
tively homogenous, flat landscape across the southern 
Amazon basin (Lemes et al. in press). Considering 
these parameters, a coherent genetic unit, or popula-
tion, is likely to be comprised of individuals within 
10–50 km of each other. This estimate depends on 
intervening habitat and landscape, since it is likely 
to be lower in a topographically or environmentally 
variable area, and higher across homogenous or par-
tially fragmented landscapes (unless fragmentation 
presents a barrier to gene flow). It should be noted 
that this estimate of population size indicates a coher-
ent genetic unit, i.e., the spatial distance over which 
genes are likely to be exchanged over generations. 
Such a unit should be used for defining the scale at 
which provenances or populations can be sampled 
for collection or study. Due to the low genotype by 
environment interaction within regional areas for S. 
macrophylla (Navarro and Hernandez 2004), these 
estimates should not be used to restrict the move-
ment of provenance material for restoration, since 
such material can be transferred over distances up 
to 500 km.
20.3 Good seed Collection 
practice
Poor seed collection practice leads to establishment 
of trees with restricted genetic diversity. Limited seed 
collection will constrain genetic makeup and may 
result in lack of genetic variation that can respond 
to local conditions, whatever the provenance of the 
seed. Collected seed needs to have a broad genetic 
base in order to prevent inbreeding depression and 
ensure that planted stands remain viable, producing 
seed in the short term and maintaining the ability 
to adapt to changing environments. To maximise 
genetic diversity in seed collections, it is necessary 
to collect from as many seed trees as possible; the 
minimum number of trees depends on the species 
and the purpose of the collection. However, deci-
sions often need to be made about which stands to 
collect from; which trees within the stands; whether 
to collect from isolated trees; and whether to collect 
in poor seed years. Studying the reproductive biology 
of a species can tell us about the amount and pattern 
of distribution of genetic variation and also about the 
factors that determine this distribution.
20.3.1 Selfing and Mating Patterns
Close inspection of Swietenia humilis flowers (Fig-
ure 20.3) reveals that individual flowers are either 
male or female, both are found on the same tree, 
and that all three species are monoecious. Detailed 
studies in S. humilis and S. macrophylla show that 
the ability of any tree to produce fruit varies from 
year to year (Boshier et al. 2004, Grogan and Galvao 
2006). In S. humilis, this is owing to yearly varia-
tion in the production of female flowers (White and 
Boshier 2002, Boshier unpublished data). Thus, in 
a given year, a tree may flower but may not pro-
duce fruit owing to little or no production of female 
flowers. As such, the extent of flowering is not a 
good predictor of seed production. This concurs with 
local informants’ views for both S. humilis and S. 
macrophylla, that trees are high seed-producers in 
some years and not in others; however, the broader 
extension of this observation to other species in this 
genus is unknown. The flowers show no structures 
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with apparent specialisation for specific pollinators, 
and produce small quantities of nectar such that they 
are attractive to a wide range of insects (Boshier 
unpublished data). The extent of pollination is thus 
unlikely to be affected by habitat disturbance that 
can reduce the occurrence of particular specialist 
pollinators for other species.
In any single tree, the production of female 
flowers is restricted to a much shorter period (mean 
= 11.5 days) compared to male flowers (mean = 32 
days). Individual trees are therefore receptive to pol-
len for a much shorter period than they can disperse 
pollen and so generate seed. The short female flower-
ing period reduces considerably the number of poten-
tial pollen sources open to any one tree (White and 
Boshier 2000). Asynchrony of flowering between 
individual trees in a population may also limit the 
number of pollen sources, resulting in a reduced 
number of potential trees to generate seed on any 
particular tree. Thus, neighbouring trees may not 
cross-fertilise, or effective pollen flow (pollen that 
produces seed) may be unidirectional; this may be 
another factor influencing variable fruit set. Both 
molecular markers and controlled pollinations also 
demonstrate that S. humilis is highly self-incompat-
ible. Of 17 trees studied, only one showed any level 
of selfing (White and Boshier 2002), while of more 
than 45 attempted selfs carried out on 12 trees, not 
one capsule was produced, showing a strong level 
of self-incompatibility (Billingham 1999).
20.3.2 How Many Capsules to Collect 
From a Tree?
Female flowers have large numbers of ovules, such 
that one capsule may contain >60 seeds. However, 
molecular studies in S. humilis show that the number 
and source of pollen donors varies between capsules 
and trees (White et al. 2002). Thus, the seed from 
one capsule may share both male and female gam-
etes (i.e., be full sibs) or only a few common pollen 
donors may account for most of the fertility across 
all potential males. Collection from a number of 
capsules ensures a diversity of pollen sources and 
consequently helps to maintain genetic diversity, 
but this also should go together with the collection 
from several parent (female) trees, which is highly 
advised.
20.3.3 How Many Trees to Collect 
From?
This question is often raised by seed collectors. There 
is no single correct answer since it depends both 
on the aim of the collection and the way in which 
genetic diversity is distributed within the stand. It is 
not possible to sample all the diversity present in a 
population unless the whole population is collected, 
figure 20.3 floral whorl (top), and male (left) and female (right) flowers of Swietenia humilis.
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and this is clearly impractical. So while, ideally, one 
might look for “conservation of as much of a popu-
lation’s genetic diversity as possible,” in terms of 
sample size, there are diminishing returns. As the 
number of seed trees sampled increases, the amount 
of extra diversity collected is reduced. In outcrossing 
Swietenia species, when fruits/seeds are collected 
(assuming collection of at least 500 viable seeds per 
tree, equivalent to 15–25 fruits per tree), adequate 
sampling depends on the number of seeds collected 
per tree and the mating/pollination system of the tree 
species. Since insect pollination can lead to only a 
few fathers siring seed for individual trees, the num-
ber of trees to sample from should be maximised. 
Seed from 15 trees will contain an arbitrary target 
of 95% of alleles with a frequency of >5%, while a 
collection from 30 trees will include additional rare 
alleles (95% of alleles with a frequency of >2.5%); 
only a slight increase in the genetic diversity (based 
on general modelling results from a range of tropical 
tree species) (Kremer et al 2005). The problem is 
that in some cases community foresters sometimes 
only collect from one or two trees, while seed banks 
often target less than 10 trees for a bulk collection. 
Adherence to these guidelines would ensure higher 
levels of diversity are collected than would result 
from most current seed collection practices.
20.3.4 What Should Be the Spatial 
Separation between Sample Trees?
In addition to considering the number of seed trees, 
collection guidelines should also specify the spatial 
separation between target trees. Within natural popu-
lations of many species, spatial genetic structure is 
generated by the processes of pollen and seed dis-
persal. If a high proportion of seeds fall close to the 
female tree, this can produce a group of genetically 
related individuals (siblings or half siblings). Col-
lecting from such a group may reduce the genetic 
diversity within restoration plantings or, if this mate-
rial is then allowed to reproduce, may cause inbreed-
ing depression by forcing between closely related 
“family members” (termed biparental inbreeding in 
botanical situations). To avoid making seed collec-
tions from closely related individuals, it is prudent to 
specify a spatial separation between trees over which 
spatial genetic structure is likely not to be an issue. 
While collection from trees at distances greater than 
mean seed dispersal distances should avoid genetically 
related “maternal” parents, collection from trees at this 
minimum distance will essentially sample the same 
local pollen pool. Clearly, if a collection is to be as 
representative of a population’s gene pool as possible, 
and sample a maximum of its genetic diversity, it must 
take account of the fact that seed dispersal is generally 
more limited than pollen flow and be guided by the 
latter (Levin and Kerster 1974).
Several types of data can be used to provide ap-
propriate guidelines for spatial sampling to maximise 
genetic diversity. Within Amazonian forest popula-
tions, while most S. macrophylla seed falls out within 
the first 30-50 m, dispersal distances of up to 80 m 
have been recorded (Gullison et al. 1996, Grogan and 
Galvão 2006), and there is evidence that in open or 
cleared habitats, seed dispersal may be even greater 
(up to 300 m for S. humilis) (White and Boshier 
2000). Even longer pollen dispersal distances have 
been recorded for mahogany species. Using genetic 
assignment methods, it was found that 40–60% of 
pollen dispersal distances were less than 300 m for 
S. humilis inhabiting both intact and fragmented 
remnant forests (White and Boshier 2000). How-
ever, within forest fragments, 20–50% of pollen was 
dispersed in excess of 1 km and, for an isolated tree, 
a dispersal distance of over 4.5 km was recorded for 
nearly 40% of pollinations. Therefore, to avoid sam-
pling half-sib or closely related individuals that occur 
in clusters, it is advisable for seed collections to leave 
>200 m between trees targeted for seed sourcing.
20.3.5 Can We Collect from Isolated 
Trees?
For sourcing seed, isolated trees within pasture or 
agricultural contexts represent ideal targets since 
they are easy to identify and access. Also, removal 
of surrounding vegetation and, in some cases, supple-
mental fertilisation from surrounding crops leads to 
profuse flowering and fruiting. However, do these 
types of seed sources represent healthy genetic popu-
lations?
A large growth trial was carried out with the pur-
pose of assessing if seed from isolated trees pro-
duced seedlings that were less vigorous than those 
from forest populations for S. macrophylla. Seeds 
were sourced from trees in different habitat contexts 
classed as: isolated (>500 m to nearest conspecific), 
semi-isolated (1 conspecific within 500 m), clus-
tered (conspecifics within 100 m of seed tree), from 
across Central America (Yucatan to Panama), and 
grown in common garden conditions in Costa Rica 
(Navarro et al. 2010). For S. macrophylla, a single 
common garden trial of 30 individuals from each of 
91 families (2730 seedlings) was established in Los 
Chiles, Alajuela, in Costa Rica. For the numbers of 
families and progeny in each ecogeographic source 
region and female tree isolation context class, see 
Table 20.1. For seeds from trees in the isolated con-
text, there was a significant reduction in seedling/
tree growth compared to seeds from the other con-
texts (semi-isolated and clustered), which were very 
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similar. Means and standard errors are presented in 
Figure 20.4.
In addition, when this material was surveyed us-
ing nuclear microsatellites to analyse mating system 
patterns, isolated trees showed significantly higher 
levels of selfing, biparental inbreeding, and lower 
numbers of sires, (as measured by correlation of 
paternity). However, the strongest correlation with 
the growth data was the number of fathers per seed 
tree. Thus, for S. macrophylla, trees in an isolated 
context are receiving pollen from a smaller number 
of trees (i.e., higher correlation of paternity, see Table 
20.2), which negatively impacts on the performance 
of their progeny. Again, semi-isolated and clustered 
trees showed similar trends to one another. In this 
study, and in another looking at the mating system 
of S. macrophylla from Brazil (Lemes et al. 2007), 
true selfing was only exhibited by a relatively low 
number of trees (<15%). For the Central American 
study, when these individuals were removed, the ef-
fects of biparental inbreeding and number of sires 
on fitness remained. However, when this aspect was 
investigated for S. humilis, although isolated trees 
received lower numbers of pollen donors (White 
et al. 2000), there was no difference in the growth 
of progeny from different contexts (Boshier and 
Billingham 1999).
table 20.1 number of female trees and progeny (in parentheses) evaluated for each region 
and isolation class in Swietenia macrophylla.
S. macrophylla Yucatan peninsula, Atlantic Coast of pacific Coast of Costa
 including ne honduras and nicaragua, Rica and panama
 Guatemala and northern Costa Rica
Isolated 7 (210) 16 (482) 17 (506)
Semi-isolated 4 (120) 4 (120)   1   (30)
Clustered 20 (600) 18 (526)   4 (106)
table 20.2 Mating system parameters by isolation class, with standard errors in parentheses 
for S. macrophylla trial. Values obtained by analysis of genotypic data from approximately 
20 seedling per female tree, and more than 30 female trees.
 Isolated semi-isolated Clustered
Outcrossing rate 0.919 (0.023) 0.987 (0.001) 0.976 (0.005)
Biparental inbreeding 0.389 (0.037) 0.362 (0.010) 0.353 (0.046)
Correlation of paternity 0.452 (0.125) 0.330 (0.162) 0.220 (0.080)
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figure 20.4 plot of seedling/tree growth (as stem volume) over time for Swietenia macrophylla progeny 
sourced from isolated (no congeners within 500 m, white circles), semi-isolated (conspecifics present 
within 100–500 m, grey circles) and clustered trees (more than two conspecific trees within a radius of 
less than 100 m, black circles), from navarro et al. (2010).
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20.4 lessons for Managing 
natural forests and landscape 
Contexts
20.4.1 Sustainable Logging: 
How Many Seed Trees to Leave?
Logging represents a reduction in density of repro-
ductively mature trees in a population. Obviously, the 
extent of the reduction will depend on the intensity 
of logging, which varies from country to country and 
whether it is legal or illegal. For example, in Brazil, 
the minimum legal cutting diameter is currently 60 
cm dbh (diameter at breast height) with retention dur-
ing the first harvest of 20% of commercial-sized trees 
and a minimum retention density of 5 commercial-
sized trees per 100 ha. In Belize, loggers, generally 
operating illegally, high-grade most (>95%) trees of 
commercial size, down to 20 cm dbh in some regions 
(Weaver and Sabido 1997).
Simulation studies (e.g., Lowe et al. 2005) indi-
cate that, depending on the extent of flowering densi-
ties and decreased population size, logging can lead 
to loss of genetic diversity in several generations. For 
example, with a remnant population of 20 reproduc-
tively mature individuals, 10% of allelic variation is 
lost in two generations, and 20% in three generations; 
whereas, for a remnant population of 50 individuals, 
5% of the allelic variation is lost in four generations, 
and 10% in seven generations. Severe reductions can 
be expressed in a single generation in heavily logged 
areas (Lowe et al. 2005). In theory, a minimum of 500 
individuals is required to sustain genetic diversity 
within a population (Franklin 1980, Soule 1980). 
However, due to temporal variance in effective popu-
lation size, more like 1000 reproductively mature 
trees need to be retained within a reproductively 
coherent unit (a scale of approx 5–50 km) to main-
tain genetic diversity (Degen et al. 2006). Swietenia 
macrophylla trees greater than 30 cm dbh are con-
sidered to be of reproductive size (Grogan 2001). 
From a genetic perspective, the minimum number of 
seed trees required per ha, therefore, depends on the 
pollen dispersal dynamics of the species and the size 
of forest where pollen flow occurs without any isola-
tion/fragmentation. A conservative estimate, taking 
1.5 km as the limit of pollen dispersal/connectivity, 
would equate to leaving approximately 1 seed tree 
per ha, following logging, assuming that 1000 ha 
of suitable mahogany habitat remains. For smaller 
blocks, the density will need to be higher. Thus, for 
the 4100 ha Marajoara rainforest management area, 
where surrounding forests were cleared for ranching 
and agriculture, pre- and post-logging commercial 
densities (>45 cm dbh) for S. macrophylla were 0.51 
and 0.08 trees/ha, respectively (Andre et al. 2008). 
These densities translate to pre- and post-logging 
commercial population sizes of 2091 and 328, respec-
tively, which can explain the observed post-logging 
loss of genetic diversity (Andre et al. 2008). Based 
on S. macrophylla densities from eight other forest 
sites in the Brazilian Amazon (Grogan et al. 2008), 
the area of genetically connected forest required to 
sustain sufficiently large populations without loss of 
genetic diversity (>reproductive 1000 trees) is large, 
varying from approximately 1500–100 000 ha, even 
prior to any logging.
20.4.2 Potential for Tracing Timber 
Source
All three species of Swietenia are CITES-listed, 
and, as timber, difficult to tell apart, macroscopically 
and microscopically, from other Meliaceae species 
that are also marketed as “mahoganies.” The po-
tential to develop a DNA tracking methodology for 
natural mahogany populations, which can distinguish 
between countries of origin, is high. Chloroplast 
variation can be used unambiguously to distinguish 
between Central and South American sources of S. 
macrophylla (Lemes et al. in press), and within these 
regions, nuclear markers can provide genetic resolu-
tion over a 100–500 km scale (Lowe 2008). The abil-
ity to distinguish between sources will depend on the 
intensity of sampling across different populations/
regions. In addition, some commercial plantations 
have very good records indicating the regional, and in 
some cases, population source that was used during 
planting. It would be prudent to test some of these 
historical records using genetic markers that distin-
guish between putative sources. As well, verification 
that timber is sourced from sustainable rather than 
illegally logged natural populations should involve 
the genotyping of plantation sources and establish-
ment of a database of plantation genetic profiles for 
independent consumer checking.
20.4.3 Harnessing Natural Regenera-
tion and Directing Forest Restoration
Following forest fragmentation, mahogany can be 
a successful coloniser of cleared areas. In a seed 
dispersal study of the pioneer species Vochysia fer-
ruginea (a hardwood rainforest tree) in Costa Rica, 
it was found that only a limited number of trees, 
those on the periphery of the intact forest, contributed 
to recolonisation of cleared areas (Davies et al. in 
press). This type of dynamic can lead to a significant 
genetic diversity bottleneck in recolonised areas that 
may persist for several decades. Successful recolo-
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nisation will depend on the density of the species 
involved and the genetic diversity of the population. 
Over time, genetic diversity may be supplemented in 
these areas by pollen flow from diverse surrounding 
sources. However, this assumes that the recolonised 
area is relatively small compared to neighbouring 
intact forest. Alternatively, if there is a large but 
genetically depauperate area of recolonisation due 
to the initial colonisation bottleneck, then genetic 
diversity within the source population could be sig-
nificantly reduced by “pollen swamping” (great local 
excesses of pollen in which few male plants fertilise 
nearly all of the offspring in the population), in giv-
ing great local excesses of pollen) if the source is a 
small and isolated remnant. Restoration of genetic 
diversity in recolonised areas also depends on the 
maintenance of genetically diverse remnant popula-
tions in the landscape. If there is a risk of such genetic 
bottleneck scenarios, natural regeneration should be 
supplemented by restoration plantings using diverse 
stock (see section 20.3 on good seed collection prac-
tice, and discussion below).
Activities to restore genetically diverse mahog-
any forests need to consider the full scope of the 
provenance and seed collection guidelines presented 
above. In terms of the source location of stock, the 
low genotype-by-environment interaction for S. mac-
rophylla, at least within a region (Navarro and Her-
nandez 2004), means that in most cases germplasm 
can be transferred across distances of up to 500 km 
without major fitness implications. Some important 
qualifications to this statement are that a major bio-
geographic divide occurs between Central and South 
America and so it is recommended that stock remains 
within these continents. In addition, several impor-
tant ecogeographic regions occur across the species 
range, including: the Yucatan Peninsula; Atlantic 
zone Honduras, Nicaragua and Costa Rica; Pacific 
zone Costa Rica/Panama; Atlantic coast Colombia 
and Venezuela; and the Amazon basin (Colombia, 
Ecuador, Peru, Bolivia, and Brazil), based on a com-
bination of neutral genetic and provenance variations 
(Gillies et al. 1999; Lemes et al. 2003, 2010; Novick 
et al. 2003; Navarro and Hernandez 2004). Keeping 
provenances within these regions is recommended 
if the intention is to match source/target adaptation. 
However, in some cases, non-local sources have su-
perior growth performance (see section 20.2.1).
In terms of seed collection practices that maxi-
mise diversity and vigour for restoration pro-
grammes, the following recommendations need to 
be considered:
◆ A coherent genetic unit (population) will have 
a spatial scale of 10–50 km, depending on the 
environment.
◆ Seed will need to be sampled from 15–30 trees 
per population to sample 95% of the population’s 
genetic variation.
◆ Sample trees should be spatially separated by 
>200 m to minimise the chance of sampling 
closely related individuals.
◆ Several capsules per tree should be sampled, and 
seed from different capsules mixed.
◆ Very isolated trees (more than 500 m to nearest 
congener) in non-forested contexts (e.g., pasture) 
should be avoided in favour of those that have 
one or preferably more trees of the same species 
within a 500 m radius in order to improve seedling 
vigour.
20.4.4 Biodiversity Corridors, 
Landscape Mosaics, and Trees 
Outside Forests
Biodiversity corridors are widely used as a land-
scape conservation tool to increase population sizes, 
connect forest remnants, and allow latitudinal migra-
tion and ecotonal adaptation. Although in the major-
ity of cases, continuous, intact, native habitat is the 
optimal solution for biodiversity outcomes, many 
remnant areas are separated by economically or so-
cially important matrices (e.g., farmland or settle-
ments). In such cases, alternative “corridor” strate-
gies need to be considered, such as stepping stones 
and narrow linear routes (e.g., road-side verges). To 
establish biological corridors, there is also a need to 
understand how species migrate through different 
corridor and matrix types.
To avoid losing genetic variation and allow for fu-
ture evolutionary adaptation at the population level, 
isolated remnant stands should contain a minimum of 
1000 trees. Establishing corridors that increase con-
nectivity, and also population size, among remnants 
is to be encouraged. The critical genetic resource 
information relevant to biodiversity corridor plan-
ning for mahogany is:
◆ Seed dispersal dynamics vary between forest and 
open contexts, where maximum distances of 80 
and 300 m, respectively, are recorded.
◆ Pollen dispersal distances vary dramatically be-
tween forest and open contexts, where maximum 
distances have been recorded as 200 m and 4.5 
km, respectively. Rare long distance dispersal may 
occur over even greater distances.
◆ To ensure that forest patches can form a stepping-
stone corridor, a distance of not more than 5 km 
will allow connectivity between mahogany popu-
lations. The ability to link larger reserve areas 
containing more than 1000 individuals and pro-
vide sources of evolutionary adaptation through a 
series of stepping stones, probably offers the best 
compromise to maintain species-level diversity. 
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This will offer migration pathways for climate 
change, maximise evolutionary potential, and 
minimise land-use area for conservation and al-
low intermixing with other social and economic 
land uses.
◆ Mahogany is a light-demanding, long-lived spe-
cies that colonises gaps in undisturbed forest and 
that can rapidly colonise open areas. If previously 
cleared areas (e.g., pastures) are abandoned close 
to a mahogany remnant (within 200 m), mahogany 
will be able to establish and compete with other 
natural regeneration. Therefore, the natural ability 
of mahogany to recolonise abandoned farmland 
can be harnessed over short distances; for loca-
tions more distant from a mahogany-containing 
remnant (>200m), supplemental planting is rec-
ommended.
Corridors and stepping-stone populations in the 
landscape may also contribute to other aspects of 
genetic resource management and conservation for 
mahogany, for example:
◆ Conservation of particular genotypes not found 
in reserves;
◆ Facilitation of gene flow between existing re-
serves;
◆ Maintenance of minimum viable populations; 
and
◆ Intermediaries and alternate hosts for pollina-
tors.
20.5 Conclusions
This chapter draws attention to ongoing high reduc-
tions in the populations of this economically important 
species due to a range of threats. To combat further 
decline, effective conservation and management pro-
grammes are essential. The previous sections show 
how genetic information can be used to help define 
the practical details that are needed if conservation 
and management programmes are to be successfully 
implemented. There are, however, some problems as-
sociated with efforts to conserve exploited but endan-
gered species like mahogany. Considering Swietenia 
spp.’s (particularly S. macrophylla) wide distribution 
(geographic, ecological, socio-political), conserva-
tion and sustainable management of it’s the genus’ 
genetic resources cannot be simply defined in terms of 
one-size-fits-all solutions. Completely protected areas 
(e.g., Tikal National Park) can protect mahogany ef-
fectively mainly because additional resources (e.g., 
from archaeological tourism) provide adequate park 
protection. However, other areas of natural forest that 
have protected status are extraction reserves (e.g., the 
Maya Biosphere Reserve), where S. macrophylla is 
exploited and potentially not adequately conserved. 
Indeed, in some reserves, mahogany is the only species 
exploited, which reduces its ability to compete with 
other highly prolific and aggressive pioneer species 
and makes it rare or totally absent in areas close to 
roads. The conservation and sustainable use of ma-
hogany and other high value and endangered species 
requires involvement of the local communities, as well 
as higher level political support, to prevent illegal log-
ging and ensure mutual benefits.
Forest management can play an important role in 
regenerating this species, which is light-demanding 
and has higher fruit production in open conditions 
(Mayhew and Newton 1998, Boshier et al. 2004, 
Grogan et al. 2005). However, the type of manage-
ment applied must take into account both the succes-
sional stage and ecological zone of the forest (Brown 
et al. 2003). While S. macrophylla can regenerate after 
catastrophic disturbance (e.g., hurricanes that open 
the forests and give seed trees the space to deliver 
seeds) (Snook 1996), it is not necessary for the spe-
cies persistence in semi-deciduous forest, where much 
greater penetration of light permits dense recruitment. 
Brown et al. (2003) argue that in late-succession wet 
forest, S. macrophylla typically occurs at low dens-
ities, persisting as relict populations in the process of 
competitive exclusion. There are few seedlings and 
saplings, and only rarely do they survive and grow to 
form advance regeneration. Options to generate long-
term sustainably harvested stands of S. macrophylla 
are limited to artificial regeneration, either through 
direct seeding (Negreros-Castillo and Hall 1996) or 
planting seedlings (d’Oliveira 2000). In drier forests 
and those at earlier successional stages, population 
densities of mahogany tend to be higher with more 
juveniles relative to adults, and more prolific advanced 
regeneration (Stevenson 1927, Baima 2001). Here, 
reduced impact logging will be sufficient to stimulate 
natural regeneration of S. macrophylla, which should 
benefit from small-scale disturbance (Brown et al. 
2003).
In addition to in situ conservation, it is important 
to recognise that for Swietenia spp., large numbers of 
trees and populations exist outside of forests (often 
in pasture contexts), and there is an urgent need to 
develop efforts at the landscape level for their effective 
management. There is also a need to raise awareness 
among development professionals of the value of nat-
ural regeneration as both a conservation and socio-
economic resource. Promotion of a limited range 
of species, often exotics, by development agencies, 
may reduce the potential genetic benefits of such 
systems, in addition to creating potential problems 
of invasiveness. However, there is also a need for 
conservation planners who are more accustomed 
to using in situ methods to consider the possibil-
ity that populations of trees found outside protected 
areas have a role in the conservation of biodiversity. 
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This requires the direct involvement of development 
organisations in biodiversity conservation and ef-
fective two-way communication with “traditional” 
conservation organisations to ensure both conserva-
tion and development benefits.
In conserving a species with a wide geographic 
range like S. macrophylla, promoting collaboration 
between countries for collecting, characterising, and 
conserving genetic resources is vital. Evidence of the 
benefits is seen in the seed collection efforts required to 
comprehensively assess the scale and use of adaptive 
genetic variation. In Mesoamerica, where S. macro-
phylla has experienced severe impacts, a consortium 
of research organisations – World Agroforestry Cen-
tre (ICRAF) and National Institute for Agricultural, 
Livestock and Forestry Research of Mexico (INI-
FAP); Forest Department, Las Cuevas Experimental 
Station, Rio Bravo Conservation Area in Belize; Na-
tional Council of Protected Areas (CONAP) National 
Park Tikal and Centro Maya in Guatemala; Escuela 
Nacional de Ciencias Forestales (ESNACIFOR) and 
Proyecto Desarollo del Bosque Latifoliado (PDBL) 
in Honduras; Centre for Genetic Improvement and 
Forest Seeds in Nicaragua; Asociacion Nacional para 
la Conservacion de la Naturaleza (ANCON) and In-
stituto Nacional de Recursos Naturales Renovables 
(INRENARE) in Panama – participated in the col-
lection and evaluation of mahogany populations. The 
collections made are the most extensive across the dis-
tribution of S. macrophylla, with a large part of them 
made outside of protected areas (Navarro et al. 2003). 
Nevertheless, such collaboration between researchers 
at universities and research centres becomes increas-
ingly problematic under new procedures associated 
with the Convention on Biological Diversity (CBD). 
New laws that regulate the exchange of material with 
the intention of preventing biopiracy and recognis-
ing country and local communities’ rights/ownership 
have made it more time-consuming and difficult to 
obtain and exchange seeds/leaves among research-
ers within those same countries. A consensus be-
tween countries at regional and international levels 
is recommended – because phytosanitary rules are 
different from country to country – to facilitate the 
exchange of forest reproductive material and assist 
genetic resource conservation efforts.
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Abstract: Finnish-based forest corporation, Stora Enso, is developing and purchasing 
eucalypt plantations, and establishing a large pulp mill with an approximate production 
capacity of 1 million tonnes of pulp per year in southern China. The project has been 
evaluated by recognised international assessment, which concluded that it would be 
profitable and environmentally and socially sustainable. Wood supply from existing and 
new plantations was assessed to be sufficient to meet the need of the pulp mill. The 
conclusions on wood supply were based on very simple estimates and risky assump-
tions on mean annual increment (MAI) and areas of plantation estate available without 
fully taking into account many high-risk factors, or at least data are not available in the 
public domain. This paper discusses several elements that have an effect on sustainability 
of wood supply, including factors and risks affecting wood production and land avail-
ability. The results demonstrate a close relationship between wood production of the 
plantation itself, and the total area needed to produce a certain amount of wood. At the 
scale of the case study involved, every 10% change in MAI is equivalent to about 5000 
to 40 000 ha of land, depending on growth rates. We show that many new fast-growing 
eucalypt plantations, in addition to existing ones, are needed for long-term sustainability 
of wood supply. Moreover, substantial investments in strategic and applied research 
would be required to achieve high and sustainable production per unit area in the given 
environment. This means that more actions will be required in the establishment and 
management of new plantations. The results from the wood supply scenario also reveal 
the growing importance of corporate responsibility (CR) in the corporate governance 
agenda of the forest sector. In order to achieve the desired economic, environmental, 
and social outcomes, national macro-economic planning, a consistent policy and man-
agement framework, and a systematic, focused and institutionalised approach to CR 
are therefore expected from the government and the private sector, respectively.
Keywords: corporate responsibility, environmental impact, eucalypt, growth rate, land 
availability, plantation forestry, pulp and paper industry, sustainable development, wood 
supply scenario
■
21.1 Introduction
The significance of planted forests is likely to in-
crease in coming decades (Carle and Holmgren 
2008). The greatest change in planted forest area 
to date has been during the period 2000–2005, with 
the highest rate being in Asia (2.8%/year), which has 
nearly half (49%) of the world’s planted forests (Del 
Lungo et al. 2006). According to the latest study, the 
highest absolute increase of planted forests area in 
the future will also be in Asia – from 0.9 million ha 
to 1.9 million ha per year, depending on the scenario, 
which equals to some 55% increase globally (Carle 
and Holmgren 2008). Most of the area increase will 
ReGIonAl exAMPleS of foReSt RelAted 
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occur in forests planted for production purposes. 
South America and Asia will have the most dynamic 
future, in this regard, compared with other regions. 
The wood production increase will mainly be in vari-
ous species of Eucalyptus, as well as other hardwood 
species. It seems evident that industrial plantations 
in the South will play increasingly important roles in 
future global wood production (Mather 2000). The 
greatest pulp capacity growth occurred in Asia and 
Latin America during the years 1996–2003 (Spek 
2006), and this trend seems likely to continue.
Globally, pulp and paper industries are a big busi-
ness. As investments grow, North American and Nor-
dic companies play a major role, but new companies, 
especially in Asia, are increasing their investments. 
Spek (2006) estimated that in 2003, global pulp pro-
duction capacity was 187.6 million air-dried tonnes 
per year. The average 3.9% growth of global pulp 
production capacity in seven-years (1996–2003) was 
concentrated in developing countries, being as high 
as 37%. Brazil, Indonesia, and Chile alone accounted 
for 73% of the observed net capacity growth. Be-
tween 1994 and 2002, 25.5 million tonnes of new 
pulp capacity were proposed, 60% of which was 
for new pulp mills, mainly in Asia, Latin America, 
and Europe. About 40% of the proposed projects 
are going ahead, raising pulp capacity by some 12.7 
million tonnes per year. During the latest years, new 
producers have entered the field of pulp production, 
with China at the head (Spek 2006).
In order to make an investment workable and 
profitable, companies have to establish or purchase 
large-scale plantations to supply raw material for 
their pulp mills. The land may be owned by the 
company, but is often leased from the government 
under a long-term contract. Typically, large indus-
trial forest plantations consist of monocultures of a 
few, or maybe only one, tree species using varieties 
of clones that are intensively managed. After final 
harvest, a new rotation crop is established without 
delay using improved germplasm, nursery practices, 
site preparation, establishment, tending, and other 
silvicultural treatments in new stands (Varmola et 
al. 2005). The most commonly used tree genera are 
eucalypts, acacias, pines, and poplars. Cossalter and 
Pye-Smith (2003) estimated that in 2003 there were 
10 million ha of so called “fast-wood” plantations 
worldwide, and that 0.8 million–1.2 million ha were 
planted every year. The total area of productive for-
est plantations accounted for 1.9% of global forest 
area in 1990, 2.4% in 2000, and 2.8% in 2005 (109 
million ha), corresponding to an annual increase of 
2.0 million ha during 1990–2000 and 2.4 million ha 
during 2000–2005 (FAO 2006). Of the global planted 
forests area – 271 million ha in 2005 – productive 
plantations constituted altogether 110 million ha (Del 
Lungo et al. 2006).
Both expansions of existing pulp mills and new 
projects tend to be large. A typical new pulp mill 
has a capacity of 1 million tonnes of pulp per year. 
The investment cost equals approximately 1 billion 
USD (HCG 2004). Production of 1 million tonnes 
of pulp requires large forest areas. In Sumatra, Indo-
nesia, a 2 million tonnes per year pulp mill requires 
over 700 000 ha of fast-growing plantations to run 
at capacity. Depending on the process and tree spe-
cies used, producing 1 million tonnes of pulp needs 
4.0 million–5.0 million m3 of roundwood overbark 
(Cossalter and Pye-Smith 2003).
Multinational companies seem to have glob-
ally expanded to the most promising fast-growing 
markets (e.g., Brazil, Russia, India, China, or the 
so-called BRIC markets), particularly from the 
year 2000 onward. As many international players 
are striving for the same investment opportunities in 
the same geographical locations, one of the decisive 
factors is the availability of wood source, which is 
dependent on the size of the plantation estate, the 
plantation growth rate, and land availability within 
reasonable proximity to the mill. Industrial planta-
tions may grow at high rates, but the wood demand 
of a large pulp mill is also huge. As fibre cost at the 
mill has become a globally critical factor determin-
ing profitability and company survival due to the 
severely imbalanced regional distribution of forest 
resources, achieving a sustainable wood supply will 
become more and more essential. This is particularly 
true in a country like China, which has a clear dis-
advantage on costs of recycled fibre due to severe 
domestic shortage of wood supplies. According to 
a recent forecast by RISI-company, with the notable 
high growth and aggressive investments, China will 
overtake Europe and North America in terms of total 
production capacity of paper and board products by 
2020 (Ernst and Young 2009). Although China has 
made significant progress in plantations, how its tre-
mendous appetite for wood supply will be filled still 
remains challenging and uncertain.
The forest products industry has a crucial role 
in global sustainable development (regarding such 
things as maintaining biodiversity, being part of glob-
al water issues, combating forest degradation related 
to global climate change) because of its unique raw 
material basis. As the central role of business has 
extended from the traditional economic actor to a 
political and social actor, concerns about corporate 
responsibility (CR) have, consequently, become an 
increasingly high profile issue in many countries and 
industries – including in the forest sector (Li and 
Toppinen 2009).
The ever-growing public interest in and global 
consciousness about environmental and social issues 
has intensified pressure on forest industry compa-
nies in their efforts to effectively balance potentially 
conflicting stakeholder demands (Li and Toppinen 
2009). Being directly and heavily involved in in-
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dividual, cultural, and biodiversity issues, forest 
industry companies have great potential for sub-
stantial negative and positive impacts on location 
(Ketola 2009). As the forest industries, on the whole, 
are experiencing significant consolidation and glo-
balisation, the roles they play in global sustainable 
development have become more and more salient. 
Massive pulp mills and their associated industrial 
plantations have become increasingly controversial, 
and there is an international convergence on their 
economic, environmental, and social impacts in the 
public debate.
Given its current limited capacity to serve the raw 
material needs of its aggressive development of pulp, 
paper, and wood products, fuelled by a variety of 
financial and tax incentives designed to accelerate the 
development of its pulp and paper industry, the Chi-
nese government is promoting plantations to increase 
its domestic wood fibre base. This has not merely 
created “a bonanza for Northern consulting firms, 
machinery suppliers, and paper companies” (Lang 
2007), but has also raised substantial challenges to 
the environmental and social sustainability of the 
host country and those foreign companies involved. 
Recent studies have stressed that in addition to the 
economic assessment, the environmental and social 
impacts from international operations should also be 
integrated in the decision making (Christmann 2004, 
Vermeulen and Ras 2006, Locke and Romis 2007).
Of perhaps far greater concerns to the plantation 
project are the increasing competition for land and 
the sustainability of wood fibre supply. Concurrently 
with the government’s aggressive move to expand 
domestic industrial plantations, local people’s live-
lihoods and the lands upon which they depend are 
frequently threatened because people can be mar-
ginalised by a decision making process that excludes 
consideration of their needs and that will lead to 
intensified environmental and social issues, such as 
destruction of natural forests, illegal logging and 
trade, and land dispute.
We investigated the Finnish-based company 
Stora Enso’s Guangxi plantation investment proj-
ect in southern China, especially its wood supply 
sustainability and related risks that depend on the 
plantation areas available and the growth rate of 
these plantations. The project has been assessed by 
a recognised international organisation, the United 
Nations Development Programme (UNDP) China.
21.2 the Guangxi Case Study
21.2.1 Background and Context
Guangxi Zhuang autonomous region has a land area 
of 23.6 million ha, of which 13.6 million ha (57.5%) 
were classified as forestry land in the 1999 inventory 
(Cossalter and Barr 2005). Forests are divided into 
commercial forests (7.8 million ha) and forests for 
“public use” (5.8 million ha). Over 90% of forests 
are collectively owned, over 8% are state owned, and 
1% have other types of ownership. Pinus massoni-
ana Lambert, P. elliottii, P. yunnanensis Franchet, 
Cunninghamia lanceolata (Lamb.) Hook, and several 
eucalypts are the most important and common tree 
species for forest plantations.
Eucalypts were first planted in China in the 
1880s, but the area of eucalypt plantations did not 
increase rapidly until the 1980s. In Guangxi, euca-
lypt planting began in the 1960s with windbreaks 
around rubber plantations and agricultural crops 
(UNDP 2006). Eucalyptus exserta F. Muell. and E. 
robusta Sm. were the earliest species used. The de-
velopment of eucalypt plantations in Guangxi was 
based largely on a Chinese-Australian afforestation 
project and intensive tree-breeding program. Most of 
the plantations were established on degraded land or 
replaced former lower-yielding pine plantations and 
unproductive fruit tree orchards. The main eucalypt 
species are E. urophylla S.T. Blake, E. tereticornis 
Sm., and a number of hybrids like E. grandis x uro-
phylla, E. urophylla x grandis, and E. urophylla x 
tereticornis (UNDP 2006).
Relatively little information about Guangxi 
Province plantation areas is available in the public 
domain. In the report of the Center for International 
Forestry Research (CIFOR) to the World Bank, no 
plantation area figures could be given, but in 2004, 
the area for fast-growing plantations was 134 000 ha. 
Potential land area for plantations was estimated as 
high as 3.7 million ha (Cossalter and Barr 2005).
In the UNDP Environmental and Social Impact 
Analysis (ESIA) of Stora Enso’s plantation project 
in Guangxi, however, a detailed description of eu-
calypt plantations was given based on fieldwork and 
interviews. According to that description, there were 
350 000 ha of eucalypt plantations in Guangxi in 
2002, plus about 100 000 ha of “four-sided” plantings 
(along contours of roads etc.), 430 000 ha of pine 
and bamboo plantations, and 20 000 ha of acacia 
plantations (UNDP 2006). By 2010, the aim was to 
increase eucalypt plantations to 670 000 ha and the 
total area of industrial fast-growing plantations to 2 
million ha, of which 1 million ha would be for the 
pulp industry.
Total timber harvest in Guangxi was 4.2 million 
m3 in 2001, and 4.5 million m3 in 2003 (Cossalter and 
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Barr 2005). The forest industry in Guangxi consists 
of small sawmills, wood-panel industries, pulp and 
paper mills, woodchip mills, and furniture factories. 
Pulp mills are small and, up to now, only 35% of 
pulp used in paper mills comes from wood-based 
pulp. The effective wood demand of the seven larg-
est pulp mills was 1.6 million m3 in 2003 (Cossalter 
and Barr 2005). According to Guangxi’s provincial 
forest plan, annual wood production is targeted to 
reach 10 million m3 in 2010, and 12 million m3 in 
2015, fast-growing plantations for pulp production 
corresponding to 1 million and 1.3 million ha, re-
spectively, including 230 000 ha of bamboo.
21.2.2 Impact Study
UNDP China’s ESIA report for the Guangxi proj-
ect (184 pages plus ten annexes) contained chapters 
on eucalypt plantation management, environmental 
impact analysis, social impact analysis, integrated 
analysis of social and environmental impacts, recom-
mendations, and conclusions (UNDP 2006). Growth 
rates were discussed on half a page titled “Com-
mercial eucalypts and productivity sustainability.” 
The conclusion of the evaluation was based mainly 
on the works of Nambiar (1997) and Binkley and 
Stape (2004), that “given appropriate silviculture, 
wood production should face no barriers in sustain-
ability.” No growth rates for existing plantations 
were given.
There was no information in the ESIA about the 
growth rates of plantations in Guangxi, except one 
personal communication. References were given 
only from Brazil (UNDP 2006), and the basic mes-
sage was to assume a remarkable increase in growth 
rates. This increment was expected to come from 
clonal forestry and tailor-made silvicultural tech-
niques. Mean annual increment (MAI) of 35 m3/ha 
(net growth) was reported as a target average value 
during the third rotation (Kari Tuomela, personal 
communication).
21.2.3 Plantation Estate for 
Stora Enso
Most of the eucalypt plantations in Guangxi Province 
are located near the southern coast and thus around 
Stora Enso’s planned pulp mill in Bei Hai. Accord-
ing to the provincial forest inventory of 1999, there 
were around 30 000 ha of eucalypt plantations in the 
prefecture of Bei Hai at a distance of less than 150 
km from the mill and some additional 22 000–38 000 
ha of land could be suitable for eucalypt plantations 
(Cossalter and Barr 2005). The area of eucalypt 
plantation has since increased, but exact figures do 
not exist. According to provincial plans, however, 
130 000 ha of fast-growing plantations have been or 
are to be established in both Bei Hai and Qin Zhou 
prefectures, close to the planned pulp mill (UNDP 
2006), either on suitable commercial forest lands 
or by converting slow-growing pine plantations to 
faster-growing eucalypt plantations.
Stora Enso has announced that it aims to select 
lands close to the planned mill (originally within 
about 75 km) in blocks of at least 100 ha and at a 
maximal slope of 15º (UNDP 2006). In 2005, the 
company had about 60 000 ha of eucalypt planta-
tions through land concession rights and fully owned 
plantations (SE 2006b); by early 2009, the area had 
increased to 93 000 ha. There exist different estimates 
for plantation area needed for the planned pulp mill. 
According to the ESIA, an area of 120 000 ha by 2010 
would meet the wood demand for the mill (UNDP 
2006), but Stora Enso has increased the area needed 
to 160 000 ha (SE 2006a). Seventy percent of planta-
tion areas are stated to be established on state forest 
farms, the rest on collectively owned village lands.
The philosophy behind plantation establishment 
is most likely similar to that of the company’s Veracel 
pulp mill in Brazil, where all the wood comes from 
the company’s own 78 100 ha of clones obtained 
from the crossing of Eucalyptus grandis and E. uro-
phylla species (Veracel 2006). The MAI of 51 m3/ha 
(underbark) and rotation length varying from 7.2 to 
9.6 years are mentioned by the company to supply a 
pulp mill with the capacity of 0.9 million tonnes of 
pulp, this probably being the most effective planta-
tion and pulp mill integration in the world, as regards 
growth rate and land use efficiency (Veracel 2006).
21.2.4 Stora Enso’s Investment Plan
Although a decision is still pending, Stora Enso 
is planning to establish on the southern coast of 
Guangxi Province an integrated pulp and paper mill 
with a production capacity of about 1 million tonnes 
of eucalypt pulp annually (UNDP 2006). In 2007, 
Stora Enso announced that it had signed a mill site 
land acquisition agreement with Bei Hai city govern-
ment in Guangxi. The agreement will provide Stora 
Enso a total of 250 ha of industrial land for possible 
future use as a mill site. The purchase price was about 
EUR 27 million (SE 2007).
Stora Enso is still assessing the industrial pro-
cess – whether Chemical Thermo Mechanical Pulp 
(CTMP), or Bleached Hardwood Kraft Pulp (BHKP), 
or both – to be used in the pulp mill. CTMP is less 
demanding in wood quantities (2.5 m3 of wood to 
produce 1 tonne of pulp) than BHKP (4.1 m3 of wood 
to produce 1 ton of pulp), but requires higher en-
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ergy consumption in refining and for the final pulp 
cleanliness. The industrial process that Stora Enso 
will implement in its Guangxi mill is of primary 
importance when discussing future wood supply 
and total plantation area required to sustain the mill 
production. In 2005, Stora Enso filed an official ap-
plication for an integrated project of about 1 million 
tonnes of both BHKP and CTMP, and about 1 mil-
lion tonnes of paper and board. In the scenario, we 
used an assumption of 3.5 m3 of wood to produce 
1 tonne of pulp.
Guangxi province is one of the most forested 
provinces in south China, has a favourable climate 
for fast-growing plantations, and has good roads for 
transportation. Therefore, it is no wonder that other 
big companies are also planning wood-based pulp 
mills in the area. Asian Pulp and Paper (APP), an 
Indonesia-based company concentrated in Indone-
sia and China, is planning to build a pulp mill in 
Guangxi with a capacity of 0.3 million tonnes of 
pulp at the first stage (entire goal 1.2 million tonnes). 
APP already has a mill with a capacity of 1.1 mil-
lion tonnes of pulp (entire goal 2.4 million tonnes) 
in the adjacent province of Hainan (Barr and Cos-
salter 2004a), and proposes further investments in 
Guangxi. Other mills are expanding, for example in 
2003–2004, the Lipu and Jing Da Xing paper mill 
located in the interior of the province increased pro-
duction to about 170 000 tonnes of pulp (Barr and 
Cossalter 2004b).
In 2003, China’s wood-based pulp production 
was 9.2 million tonnes (22% of total fibre con-
sumption) compared with, for instance, the United 
States of America (60.5 million tonnes) or Finland 
(14.3 million tonnes) (Spek 2006), and demand is 
projected to reach 15.1 million tonnes in 2010 (He 
and Barr 2004). Compared with these figures, Stora 
Enso’s investment plan would cover some 7% of 
China’s total estimated wood-based fibre produc-
tion in 2010.
21.3 Wood Production 
Scenario
21.3.1 Growth Data Available
The ecological requirements and tree characteristics 
of eucalypt species, their genecology, provenance 
variation, and prospects for planting are well de-
scribed in FAO (Food and Agricultural Organization 
of the United Nations 1979), Eldridge et al. (1993), 
and Williams and Woinarski (1997). In general, esti-
mates of growth rates of eucalypt species, expressed 
as MAI and rotation length (RL), are based mostly 
on experimental sites. Guangxi Province is located in 
the subtropical humid ecological zone (FAO 2001). 
Table 21.1 presents growth rates for the most com-
table 21.1. Growth and rotation period data of Eucalyptus species in subtropical humid ecologi-
cal zone.
Species Country Rotation length MAI (m3/ha), Source
  (years) overbark
E. globulus Uruguay 10 30 FAO 2001
 Uruguay na 25 FAO 1979
 Uruguay 16 18 Cubbage et al. 2007
 South Africa 25 to 32 12.8. to 27.4 Poynton 1979
E. grandis Uruguay 10 23 to 25 FD 1994
 Uruguay 10 20 to 30 FAO 2001
 Uruguay 10 30 Cubbage et al. 2007
 South Africa 10 to 55 21.6. (11.8 to 35) Poynton 1979
 South Africa 21 to 22 21 to 27 FAO 2006
 Argentina 21 to 22 21 to 27 FAO 2006
E. nitens South Africa 10 to 25 19 to 26 FAO 2006
E. tereticornis Uruguay na 18 (max. 25) FAO 1979
 Uruguay na Max. 18 Qadri 1983
Eucalyptus sp. China 7 13,5 Elliott 1997
 China 5 14 to 21 Barr and Cossalter 2004a
 China 6 9 to 20.5 Cossalter 2004
 China 7 to 15 8 to 21 FAO 2006
 Uruguay na 18 Neilson and Flynn 2003
Eucalypt hybrids China, Guangxi 5 37 (20 to 57) Hongwei et al. 2006
na means data not available.
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monly used eucalypt species in this ecological zone, 
primarily based on compilations by Varmola and Del 
Lungo (2003).
There is a large variation in growth rates of the 
main commercial eucalypt species (Figure 21.1). 
Most of the values available are from experimen-
tal and successfully managed sites or growth plots 
where many silvicultural and environmental factors 
(such as fertilisation, weeding, pest and fungi dis-
ease control) would have been well regulated. At the 
large operational scale, and taking into account site 
variation and possible reverses, growth rates may 
be lower. Tomé (2001) reported that in Portugal, the 
MAI of E. globulus plantations varied greatly from 
inland plantations (4 m3/ha) through an average of 
(14 m3/ha) to the best sites on the coast (30 m3/ha). 
Such large variations in growth rates are also found 
in Australia (Sadanandan Nambiar, personal com-
munication). FAO estimated that in China, the MAI 
of eucalypts might vary from 8 m3/ha (min.) to 21 
m3/ha (max.) and a rotation length from 7 to 15 years 
(Del Lungo et al. 2006).
On the other hand, genetically improved planting 
stock can increase growth of eucalypts substantially, 
but only if all other factors are supplied, as well. 
In Portugal, genetic gains have been estimated at 
20–40% both in volume and wood density (Tomé 
2001). In Brazil, the MAI of eucalypt plantations has 
increased from 10–15 m3/ha to over 40 m3/ha due to 
better site matching, silviculture, and tree breeding 
achievements (Binkley and Stape 2004).
It is unclear which of these factors has the greatest 
effect on productivity gains. Pallett and Sale (2004) 
suggested that silvicultural treatments, fertilisation, 
and weeding were the largest contributors to pro-
ductivity. In Brazil, Campinhos (1999) reported that 
due to intensive silviculture, a tree-breeding program 
with tree selection, the use of hybrids (E. grandis 
and E. urophylla), and clonal plantings, the average 
MAI rose from 28 to 45 m3/ha, the consumption of 
wood needed to produce one tonne of BHKP de-
creased from 4.9 m3 to 4.1 m3 wood overbark, and 
the productivity of pulp increased from 5.9 tonnes/
ha to 10.9 tonnes/ha.
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figure 21.1 Mean annual increment (MAI) overbark and rotation 
length globally for A) Eucalyptus globulus and B) E. grandis. Based 
on literature survey from Varmola and del lungo (2003).
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Genetic gains are often estimated. There is in-
adequate information about the potential of these 
gains to become realised gains in operational for-
estry. Biotic (insects, diseases, invasive species, hu-
man interventions) and abiotic (hurricanes, cyclones, 
droughts, floods, extreme hot or cold periods) factors 
can greatly affect productivity (see Evans 2001, Lib-
by 2002) and are real threats in China, including in 
the Stora Enso work circle supply region in Guangxi. 
There are real risks in extrapolating plot level growth 
rates to an ecosystem as a whole. This problem would 
be greater when the estate is in fragmented locations, 
as will be the case in Guangxi.
21.3.2 Wood Supply Scenario
Wood supply scenarios were constructed using ex-
isting data on planting rates in China, and assum-
ing a constant plantation area purchase in Guangxi 
during years 2007–2009. Four growth rates (MAI) 
were assumed, based on the literature and company 
announcement. An eight-year rotation length was 
used.
The company started the eucalypt planting pro-
gram in 2002, had 60 000 ha in 2006, and aimed to 
have 160 000 ha of plantations under control in 2010 
(SE 2006a), either as self-managed or via different 
contracts. In the beginning of 2009, the company 
announced it would have 93 000 ha, which means 
that the planting program is now delayed and most 
likely would reach 120 000 ha in 2010. There existed 
no detailed data about annual plantation purchases 
by the company, but some 12 000–20 000 ha of new 
plantations are needed annually during the eight-
year project.
The wood use efficiency was set at the level of 3.5 
million m3 underbark to produce 1 million tonnes of 
pulp because no decision had not yet been made for 
the industrial process (CTMP or BHKP, or a produc-
tion line of each). Growth rates were derived from 
Barr and Cossalter (2004a) for the conservative A 
(MAI = 12 m3/ha), medium B (MAI=18 m3/ha), op-
timistic alternatives C (MAI = 25 m3/ha), and from 
Stora Enso’s target value during the third rotation 
for D (MAI = 35 m3/ha). Such a target can be dif-
ficult to achieve because the company estate will not 
be in a consolidated land mass. Plantations will be 
spread among many small sized units and will thus 
have large variations in soil and site environments. 
Corresponding overbark growth rates are 14, 21, 29, 
and 41 m3/ha, respectively.
If silvicultural management and tree-breeding 
programs are not working well, and/or there are 
losses due to unclear land use rights, damage caused 
by such things as pests, fungi, fire, or typhoons, wood 
supply from the plantation estate may remain as low 
as 1 million–2 million m3 annually (MAI stays at a 
level of A) (Figure 21.2). With the operational mean 
annual increment level for south-western China now-
days (level B), almost half of the wood has to be 
transported from regions other than the two near-
est prefectures, or from abroad. After some years of 
operation, say, around 2015, the pulp mill would, 
however, get most of its wood from the expected 
self-controlled plantations nearby. It is obvious that 
Stora Enso cannot fulfil all the wood demand of its 
planned pulp mill with a plantation estate of only 
120 000 ha.
The company’s own target for growth rate is set 
extremely high (D), and is aimed at guaranteeing 
a full supply of wood from self-managed or con-
figure 21.2 Wood supply (million m3) scenarios with different growth rates 
(mean annual increment, MAI, underbark) (A, B, C, d) from eucalypt planta-
tions estate for the area of 120 000 ha.
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trolled plantations. Actually, under circumstances 
of the most steady wood supply from 120 000 ha, 
an average MAI of 29 m3/ha underbark is needed to 
satisfy the annual wood demand of 3.5 million m3. 
The history of forestry shows that such a broad scale 
high growth rate can be sustainably achieved only 
after many years of local experience and overcoming 
many impediments.
21.3.3 Relationship between Planta-
tion Productivity and Area Needed
The scenario results above demonstrate the relation-
ship between the growth rates of the plantation itself 
and the total area needed to produce a certain amount 
of wood. They also demonstrate how to manage risks 
involved in achieving long-term sustainability of op-
erations.
There is a nonlinear relationship between the area 
needed and the productivity level of a plantation (Fig-
ure 21.3a). At the MAI of 35 m3/ha, 100 000 ha are 
needed to produce 3.5 million m3 of wood per year. 
When the growth rate is lower, more area is needed. 
The same relationship applies to the uncertainties 
involved. If we assume the MAI to be 25 m3/ha, 
140 000 ha are needed to produce 3.5 million m3 of 
wood per year. However, if for some reason the MAI 
is 20% more, or 30 m3/ha, the area needed is only 
117 000 ha; if it is 20% less, or 20 m3/ha, the area 
needed is 175 000 ha. It is critical to recognise that 
at the scale of the case under discussion, every 10% 
change in MAI for any reason is equivalent to about 
5000 to 40 000 ha of land, depending on the average 
MAI in question. Such changes in MAI are common 
in many forestry estates in the world.
An easy way to estimate the total area needed to 
supply a pulp mill is to use a diagram similar to that 
in Figure 21.3b, which presents the linear relation-
ship between the total volume produced and the MAI 
at varying plantation areas. Thus, for instance, to pro-
duce 3.5 million m3 of wood per year, the company 
would need to operate anywhere between 100 000 
and 200 000 ha if the MAI varies between 17.5 and 
35 m3/ha.
MAI, m3/ha
MAI, m3/ha
figure 21.3 a) Plantation area needed to produce 3.5 million m3/
year with 20% reduction or increase in mean annual increment 
(MAI) compared with baseline. b) total production with varying 
MAI (m3/ha) and plantation areas (1000 ha). dashed line indicates 
3.5 million m3/year production.
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21.4 discussion
21.4.1 Increased and Sustained Pro-
duction of Wood
A new pulp mill on a new land base leads to large 
impacts on the economical, environmental, social, 
and even cultural conditions on at least a regional 
level of the country in question. Therefore, it is ex-
tremely important that all the effects that investment 
has on the surrounding environment and society are 
properly studied and discussed. The central issues 
then are long-term sustainability of wood supply, 
with environmental care, for the pulp mill, and se-
curity of land rental to be able to manage the planta-
tion estate.
The growth rate of plantations varies according to 
tree species used, site, initial stocking, silvicultural 
operations (site preparation, fertilisation, weed con-
trol, etc.), and genetic origin (Tomé 2001). Many bi-
otic and abiotic factors like pests, pathogens, fungal 
diseases, drought, fires, and storms (Turnbull 1999) 
are risks that can reduce the productivity and cause 
dramatic, even sudden, slowdown in wood supply. 
Changes in soil water level and soil fertility have 
an effect on growth rate, too (Nambiar and Brown 
1997). According to Gonçalves et al. (2004), pro-
ductivity relates to different environmental factors in 
order of importance as follows: water deficit, nutrient 
deficiency, soil depth and strength. Quite often, how-
ever, at least in experiments, the subsequent genera-
tion has a higher growth rate than the previous one 
(Evans 2001, Libby 2002, Binkley and Stape 2004, 
Evans 2005, Nambiar 2008).
MAIs given in the literature (see Table 21.1, 
Figure 21.1) come mostly from experimental plots. 
Such plots usually represent better management and 
even the best part of a stand. In Finland in planted 
conifer forests, it was found that growth rate in stands 
was 12–20% lower than on experimental plots used 
for growth modelling purposes (Oikarinen 1978). In 
Mexico, the growth of tropical pines was about 50% 
or less than that of the experimental plots (Acevedo 
Herrera et al. 1994).
Based on the above review of the literature, the 
MAI needed to suffice one million tonnes of pulp 
mill wood demand at an actual plantation area seems 
to be high when plantations are established and man-
aged on an operational level. In Guangxi project, 
where no exact MAI was given, a MAI of 29 m3/ha 
underbark (34 m3/ha overbark) would suffice to sup-
ply annually 3.5 million m3 from 120 000 ha. Such 
level has not yet been reached, or at least not re-
ported, even on the experimental level in the region, 
except for in one proceedings paper (Hongwei et al. 
2006). If the plantation area would reach 160 000 ha, 
an average MAI of 22 m3/ha underbark would fulfil 
the wood demand. It is possible to achieve, but is still 
at risk from of typhoons, insects and other damage. 
Nambiar and Brown (1997) point out that the many 
uncertainties in growth rates are greater in tropical 
and subtropical plantations than in temperate ones, 
and “trees can grow fast in the tropics only if soil 
and environmental conditions are conducive to rapid 
growth and the quality of management is high.”
21.4.2 Merchantable Volume for Pulp
Figures found in the literature about growth rates of 
plantations compared with the total wood demand of 
a pulp mill are often confusing or not well document-
ed. There exist at least three points to be discussed: 
the amount of bark, the effect of upper end diameter 
used for volume estimation, and wastewood.
In forest inventories, tree dimensions are mea-
sured and volumes usually expressed as overbark 
values. Pulp mills, however, do not use bark, and 
the wood demand is expressed as wood without bark 
(underbark). This means, in eucalypt species, a pos-
sibility for misinterpretation of about 15% or even 
more (FAO 1979).
All stemwood is not used in pulping and usu-
ally a certain limit for upper diameter is given. In 
FAO (1979), examples are given of the amount of 
wastewood for different minimum top diameters and 
heights of E. grandis. Underbark utilisable volume 
varied from 75% (diameter at breast height (dbh) = 
15 cm, top diameter = 10 cm, height = 15 m) through 
90% (dbh = 20 cm, d
top 
= 10 cm, h = 20 cm), to more 
than 95% (dbh = 25 cm, d
top 
= 10 cm, h = 25 m) of 
underbark volumes.
Slash, or wastewood, that is, unusable or rot-
ten wood, or wood lost between plantation and mill 
gate, must also be taken into account. The values of 
MAI in Figure 21.1 contain all the stemwood. Barr 
and Cossalter (2004a) made a reduction of 20% for 
non-commercial harvested volume to get realistic 
figures for plantation area needed to supply pulp 
mills. Stora Enso has announced it will use a reduc-
tion of 18–20% for bark and wood losses between 
plantation and mill gate (Göran Storck, personal 
communication).
21.4.3 Wood Use Efficiency
Wood use efficiency in pulping also has an effect on 
wood demand. According to Ikemori et al. (1994, 
cited in Campinhos 1999), the consumption of euca-
lypt wood to produce 1 tonne of pulp has decreased 
from 4.9 m3 to 4.1 m3 wood overbark as a result 
of efficient tree breeding and clonal plantation pro-
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grams in Aracruz, Brazil. Barr and Cossalter (2004a), 
however, assumed that 4.15 m3 underbark is needed 
for 1 tonne of pulp in their calculations for south-
western China.
21.4.4 Other Competing Use of Wood
All the plantation-based wood is not used for pulping. 
There exist many competing uses for fast-growing 
eucalypt wood. In Guangxi, industrial wood from 
plantations has been used for sawnwood (annual ca-
pacity of 3.2 million m3 of roundwood), wood panels 
(2.7 million m3/year), wood chips (1.3 million m3/
year), and pulp and paper (Cossalter and Barr 2005). 
Wood is also used for bioenergy. Only 30% of pulp 
production has been wood-based. It is obvious that 
in Guangxi province, large investments in the pulp 
mill will require new strategies for the industrial use 
of plantation-based wood.
21.4.5 Land Competition and Other 
Sources of Raw Material
The competition over land for other purposes (such 
as food production) causes fragmentation, increases 
the distance of the wood raw material supply work 
circle, and pushes up the price of land, the cost of 
transport, and the cost of wood. This can seriously 
impact financial viability of the overall production 
of the pulp industry.
Potentially, it would be cheaper to grow eucalypt 
plantations in Northern Vietnam or Lao PDR, or even 
in other south-east Asian countries, where the cost 
of land and wood production is not so expensive as 
in China, and growth, yield, and productivity are 
acceptable.
If the wood supply from existing plantations is 
insufficient, other sources of raw material are needed. 
In Guangxi, tree residues, like wastewood, branches, 
and sawmill and plywood mill residues, are used 
in small-capacity pulp mills or in the reconstituted-
panel industry (Cossalter and Barr 2005). Thus, they 
cannot serve as raw material for a large-scale pulp 
mill due to their lower quality. Furthermore, the way 
forest authorities have divided the area for purchasing 
and establishing plantations near the coast between 
Stora Enso and APP, is not logistically reasonable.
21.4.6 Risk Assessment
It is clear that the calculations on wood supply made 
by the consultant company (UNDP 2006) were based 
on very limited knowledge and understanding of tree 
growth dynamics and factors that affect growth rate 
and thus wood supply. Obvious biotic and abiotic 
risks that can reduce wood supply, though discussed, 
have not been quantified or taken into account in 
any way in the consultants’ assessment. There also 
seems to be confusion about the interpretation of 
tree bark, upper-end diameter, and wastewood por-
tions, and their effects on wood supply. Together, 
these account for at least 20% of the total volume 
or, in other words, a quantity of over 0.7 million m3 
of planned annual wood demand for a mill. Besides 
these elementary factors in tree growth and wood 
composition not analysed, the amount of plantation 
area available has been overestimated. In conclusion, 
it seems that wood supply experts have not been 
sufficiently involved in the feasibility and evaluation 
processes made by the consultant companies.
According to Stora Enso Guangxi project per-
sonnel, the company has considered a certain risk 
in reducing the mean target MAI overbark values 
by 18–20% to account for bark, harvest, and trans-
portation losses. An operational growth of 21.3 m3/
ha/yr (net mill gate) is mentioned after first rota-
tion (Göran Storck, personal communication). This 
would then mean a need of 160 000 ha of plantations 
(see Figure 21.3b) to fulfil the wood demand, which 
also has been mentioned as Stora Enso’s target area 
(SE 2006a), but will not be reached in eight years 
of operation.
Though investment reward may be attractive, in 
addition to the wood supply issues, building a mill in 
China also involves high economic and political risks 
in terms of, for instance, transparency of financial 
data, normal duration, basis of financial information, 
auditing and corporate governance, and enforceabil-
ity of indemnification (Ernst and Young 2009).
21.4.7 Corporate Governance Issues
A major part of the risk assessment made by UNDP 
China discusses corporate governance and environ-
mental issues, land rental, and labour availability 
(UNDP 2006). Stora Enso has established a commu-
nity development project through six village-based 
tele-centres (computer with internet connection) in 
project areas. It has also supported biodiversity con-
servation programs in the project area by payments 
to conserve nearby mangrove forests. However, the 
local villagers seem not to be satisfied with the ac-
tions made by the company and the local authorities. 
Stora Enso now has made some 3000 land rental 
agreements, yet more lands are needed to achieve 
the initial goals of industrial plantations and to sus-
tain the wood supply for the huge pulp mill in the 
project.
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As a raw material-intensive industry, the forest 
products industry has a close relationship to national 
economic and social development. Supported by the 
Chinese government, the capital- and technology-
intensive pulp and paper industry has rapidly become 
a new growth engine in China’s national economy, 
and plays a strategically important role in sustainable 
development in China. Without a national macro-
economic planning and management backed by a 
systematic, focused, and institutionalised approach 
to CR, the pulp and paper industry in China will in-
evitably be grounded in the context of unsustainable 
actions. Consequently, there is likelihood that the 
contributions of both the public sector (the Chinese 
government) and the private sector (Chinese compa-
nies and multinational companies like Stora Enso) 
could fail to achieve the desired outcomes, which 
include, not only economic growth, but also poverty 
alleviation, pollution mitigation, and increase in hu-
man capital.
Different stakeholders such as governmental 
agencies, investors, analysts, non-governmental 
organisations (NGOs), consumers, and individuals 
all over the world transfer pressure to companies 
through economic, environmental, and social inter-
action. While up-to-date information technology 
has facilitated the globalisation course, it also has 
inevitably led to increased exposure of companies’ 
progress in industrial globalisation and sustainable 
development. The success of CR initiatives is of-
ten linked to stakeholder dialogue and stakeholder 
engagement in the discussion of best CR practice. 
Grounded neither on legal rights nor moral obliga-
tions, a stakeholder’s recognition is contingent upon 
the business need for that recognition (Blowfield and 
Frynas 2005). As Lang (2007) notes, the ESIA re-
port by UNDP China (2006) fails to recognise the 
environmental and social impacts on affected local 
communities’ serious concerns about the eucalypt 
monoculture in Guangxi, and excludes studies by 
NGOs on the relevant issues. As NGOs have become 
more and more active in plantation issues, their influ-
ence should not be neglected.
With globalisation, forest certification will inevi-
tably become an important indicator of sustainable 
forest management for the Chinese forest compa-
nies that compete in the international markets. In all 
southern provinces, including Guangxi, the forest 
estate is under collective tenure, with over 90% of 
its area of commercial forests on collectively owned 
lands, whereas more than 92% of the land possible 
for new plantations is owned by local communities, 
farmers’ cooperatives, and individual households.
The role of these recognised land owners thus 
Photo 21.1 After the plantation has been firmly establish, local communities can use it for grazing 
cattle.
M
ar
tti
 Va
rm
ol
a
396
21 SuSTAINABILITY OF WOOD SuPPLY: 
RISk ANALYSIS FOR A PuLP MILL IN GuANGxI, CHINA
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
21 SuSTAINABILITY OF WOOD SuPPLY: 
RISk ANALYSIS FOR A PuLP MILL IN GuANGxI, CHINA
becomes central in the success of plantation develop-
ment (Cossalter and Barr 2005). To Stora Enso, the 
question of how to reach small-scale forestry and 
promote forest certification in China, with recipro-
cal acceptance by major stakeholder groups, still 
remains challenging. In addition to the cooperation 
with the Chinese government, it would be strategi-
cally important for Stora Enso to engage and partner 
with NGOs and local forest owners through various 
smallholders or outgrowers schemes and local em-
ployment, in order to retain its corporate legitimacy 
and sustain its competitiveness where it operates.
As societal demands are changing with respect to 
the world’s forest resources, the global forest sector 
is moving towards a more holistic and encompass-
ing approach to CR and sustainability initiatives. 
Large forest companies understand and define CR 
largely based on activities related to sustainable for-
est management (SFM) and accountability among a 
number of emerging economic, environmental, and 
social issues in order to retain their legitimacy (see 
i.e. Wang 2005, Panwar et al. 2006, Vidal and Kozak 
2008), engage in a broad array of CR activities, and 
shape their social performance strategies to fit their 
geographical profile (Mikkilä and Toppinen 2008).
Land availability, tenure security, and solid fibre 
base are key determinants for the long-term success 
of Stora Enso’s pulp mill project in Guangxi. Ignoring 
the concerns raised by villagers and local communi-
ties, and the priorities of those villagers and local 
communities (especially the poor and marginalised) 
renting lands might present a threat to Stora Enso’s 
legitimate operations and the sustainability of their 
land tenure and wood fibre supply. The escalation of 
local land ownership related conflicts in the affected 
areas in spring 2009 should have been taken as a 
signal for public critique and been used to get hands-
on experience and knowledge so that the company 
could review their overall strategy, including risk 
management and communication strategies for future 
actions. In future studies, it would be worthwhile to 
follow up on the progress in sustainability of forest 
industry plantations, especially the corresponding 
social strategy, performance and impacts.
21.4.8 The Way Forward
The planned pulp mill represents modern, large-scale 
investments whose environmental and social impacts 
and connected factors are widely discussed and taken 
into account. The technologies to be used in the pulp-
ing processes will probably represent some of the 
most modern and clean processes in the world. The 
investment will also provide significant employment 
and generate revenues at local and regional levels. 
Our concern, however, is that adequate risk analyses 
of the sustainability of wood supply have not been 
fully conducted. More wood supply beyond Bei Hai 
and Qin Zhou prefectures, which is not from Stora 
Enso’s plantations, will be needed to meet the pos-
sible wood shortage of the mill in case Stora Enso 
can pay more for transportation costs.
The wood supply from existing and planned 
plantations, and the wood demand for pulping are 
not yet in balance, and the long-term sustainability 
of these operations is open to discussion. Improved 
germplasm and nursery practices, careful site prepa-
ration, stand establishment, and nutrient balance, are 
essential for eucalypt plantation productivity, but bi-
otic and abiotic damage may have dramatic negative 
influences on productivity.
It is quite likely that more new fast-growing eu-
calypt plantations will be needed. Special attention 
has to be paid to transparency in the process of ac-
quiring plantations through land concessions or by 
acquiring the ownership of the land. The company 
has announced that it has established a network of 
permanent sample plots and that it regularly carries 
out forest inventories in eucalypt plantations. These 
databases will, in the course of time, guarantee ac-
curate growth rate measurements of plantations at 
the operational scale.
Learning from the recently increasing protests 
and land disputes against plantations, there is a cru-
cial need for the company to proactively engage in ef-
fective and direct dialogue and communication with 
different stakeholder groups. This is especially true 
for those affected villagers and local communities 
renting lands to Stora Enso, as well as those groups 
that are not considered “primary stakeholders.” 
When aiming towards sustainable development a 
wide range of issues related to the spreading of plan-
tations in China deserve attention. These issues relate 
to how the government and the business society can 
strike a balance between conflicting priorities and 
the bottom line, so that companies can prosper from 
addressing environmental and social concerns in a 
genuinely sustainable manner. Population pressure, 
increased competition for land and wood, abiotic and 
biotic risks, greater fragmentation of plantations, lon-
ger transportation distances, lower growth rates and 
yields than expected, can all increase costs and risks 
and, thus, threaten the viability of the investment.
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Abstract: Addressing sustainability in the face of profound global changes presents 
new challenges for forest managers. It has initiated a new cycle of development in 
approaches to management of forests for natural resources and other ecosystem 
services. Selected case studies from North America, Latin America, and Europe are 
used to illustrate advances in forest management in response to local impacts of global 
changes, and to identify options for addressing current challenges and elements of an 
emerging management paradigm based on the integration and resilience of ecological 
and socio-economic systems. Such a conceptual framework for management of natural 
resources recognises the complexity of systems (ecological, economic, and social), their 
hierarchical structures, the interactions and energy flows between these hierarchies, 
and their capacity for self-organisation. Applying systems thinking to forest manage-
ment requires new approaches to conventional practices. Learning how to facilitate the 
ability of natural forest systems to self-organise, adapt and evolve, and to guide them 
towards a desired appropriate state is one of the challenges. The increasing importance 
of engagement, capacity building, and participation of all actors on the landscape as 
critical components for collaborative visioning, planning, and managing future options 
is recognised as a first step toward maintaining the provision of ecosystem services at 
the landscape level. Biosphere reserves, model forests, and other landscape-level initia-
tives that have already contributed to improved understanding of forest management 
issues and played key roles in establishing participatory decision-making approaches, 
are well-positioned to assist in testing and applying these new concepts.
Keywords: ecosystem management, integrated landscape management, systems manage-
ment, ecosystem services, resilience
■
MAnAgEMEnT OPTiOnS, POLiciES And inSTiTuTiOnAL 
 ARRAngEMEnTS TO AddRESS nEw chALLEngES
22.1 Evolution in Approaches 
to Forest Management
Sustainability is the thread linking the changing 
paradigms of forest management since the 16th 
century. First mentioned in a Saxon forest regula-
tion associated with concern over timber shortage 
in central Europe (Köhl 2003), it was almost three 
centuries later that the need to balance economic 
development and conservation of the environment 
came to the global stage in Stockholm at the United 
Nations Conference on the Human Environment 
(UNCED) in 1972. Continuing discussions on this 
theme led to a keystone scientific contribution on 
adaptive management of natural resources based on 
an understanding of the structure and dynamics of 
ecosystems (Holling 1973). The World Commission 
on Environment and Development defined sustain-
able development as the concept whereby the needs 
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of the present should not compromise the ability of 
future generations to meet their needs (Brundtland 
1987). The 1992 UNCED in Rio de Janeiro, high-
lighted the importance of this concept and introduced 
the three supporting pillars: economic, social, and 
environmental. Agenda 21 was issued as a blueprint 
for sustainable development, with Chapter 11 (Com-
bating Deforestation) and Chapter 15 (Conservation 
of Biological Diversity) highlighting the significant 
role of forests, while Chapters 23–32 refer to all 
social constituencies that deal with forest landscapes 
and forestry (UNEP 1992). For forests, the most 
significant outcome from UNCED was the devel-
opment of The Forest Principles: the Non-Legally 
Binding Authoritative Statement of Principles for a 
Global Consensus on the Management, Conserva-
tion, and Sustainable Development of all Types of 
Forests (Annex 22.1). These Principles provided the 
basis for the development of criteria and indicators 
that integrated the ecological, economic, and social 
functions of forests into frameworks for sustainable 
forest management.
Since 1992, the goals of various sustainable de-
velopment policies have focused on the creation and 
maintenance of prosperous social, economic, and 
ecological communities across the landscape. The 
Ecosystem Approach was described in the Conven-
tion on Biological Diversity (CBD), another major 
outcome from UNCED, as a strategy for the integrat-
ed management of land, water, and living resources 
that promotes conservation and sustainable use in an 
equitable way. It formed the underpinning for im-
plementation of the Convention. Twelve underlying 
principles (the Malawi Principles, Table 22.1), and 
five points for operational guidance were developed 
to assist with implementation (CBD 2000).
By 2003, there were nine regional/international 
criteria and indicators processes established to moni-
tor and assess the state of forests and promote par-
ticipation from multiple stakeholders at both man-
agement and country levels. (For C&I processes see 
Section 23.3.3 and for certification Section 23.5.1). 
A decision at the 7th meeting of the Conference of the 
Parties recognised the linkage between the Malawi 
Principles and the Forest Principles, and noted that 
the criteria and indicator processes provide a means 
Table 22.1. Malawi Principles. complementary and interlinked principles of the Eco-
system Approach for implementing the convention on Biological diversity.
1 The objectives of management of land, water, and living resources are a matter of societal choices.
2 Management should be decentralised to the lowest appropriate level.
3 Ecosystem managers should consider the effects (actual or potential) of their activities on adjacent 
and other ecosystems.
4 Recognising potential gains from management, there is usually a need to understand and manage the 
ecosystem in an economic context. Any such ecosystem-management program should reduce those 
market distortions that adversely affect biological diversity; align incentives to promote biodiversity 
conservation and sustainable use; and internalise costs and benefits in the given ecosystem to the 
extent feasible.
5 Conservation of ecosystem structure and functioning, in order to maintain ecosystem services, 
should be a priority target of the ecosystem approach.
6 Ecosystems must be managed within the limits of their functioning.
7 The ecosystem approach should be undertaken at the appropriate spatial and temporal scales.
8 Recognising the varying temporal scales and lag-effects that characterise ecosystem processes, 
objectives for ecosystem management should be set for the long term.
9 Management must recognise that change is inevitable.
10 The ecosystem approach should seek the appropriate balance between, and integration of, conser-
vation and use of biological diversity.
11 The ecosystem approach should consider all forms of relevant information, including scientific, 
indigenous and local knowledge, innovations, and practices.
12 The ecosystem approach should involve all relevant sectors of society and scientific disciplines.
Operational guidance for Application of the Ecosystem Approach:
◆ Focus on the relationships and processes of the system.
◆ Enhance benefit-sharing.
◆ Use adaptive management practices.
◆ Carry out management actions at the scale appropriate for the issue.
◆ Ensure intersectoral cooperation for sharing information and experiences.
Source: CBD 2000.
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of applying the Ecosystem Approach in forests. Cri-
teria and indicators have also been used to support 
international certification processes. Certification 
is a marketplace instrument based on independent 
third-party audits, where products that originate from 
forests that are managed to standards for sustainable 
forest management are identified. International and 
market acceptance of these criteria is acknowledge-
ment that forests are socio-ecological systems link-
ing nature and society, and that sustainable forest 
management is as much about the people who in-
habit, work, or utilise forests as it is about managing 
the biological systems (Innes et al. 2009).
To mark the millennium and as a means to track 
progress in integrating economic, social, and envi-
ronmental outcomes for advancing sustainable devel-
opment, the United Nations (UN) General Assembly 
adopted goals for collective action by the world com-
munity and national governments. These goals are 
referred to as the Millennium Development Goals 
(MDGs). The following eight goals are monitored 
by international agencies:
1. End poverty and hunger
2. Universal education
3. Gender equality
4. Child health
5. Maternal health
6. Combat HIV/AIDS
7. Environmental sustainability
8. Global partnership
With these goals in mind, over a thousand social 
and natural science experts worldwide participated 
in the Millennium Ecosystem Assessment (MEA), 
a scientific appraisal of the condition and trends in 
the world’s ecosystems, the services they provide, 
and the options to restore, conserve, or enhance the 
sustainable use of ecosystems. The main findings 
of the assessment (MEA 2005) describe how, over 
the past 50 years, humans have changed ecosystems 
more rapidly and extensively than in any compa-
rable period in human history, largely to meet rapidly 
growing demands for food, fresh water, timber, fibre, 
and fuel.
The changes that have been made to ecosystems 
have contributed to substantial net gains in human 
well-being and economic development, but these 
gains have been achieved at growing costs in the 
form of substantial and largely irreversible loss in the 
diversity of life on Earth, the degradation of many 
ecosystem services, increased risks of nonlinear 
changes, and the exacerbation of poverty for some 
groups of people.
Based on case study analyses, the findings of 
the assessment recommended that new approaches 
to managing natural and social capital are needed. 
In order to halt the degradation of ecosystems, the 
services they provide, and the associated impact on 
human well-being (Figure 2.5 in Chapter 2), it was 
also recommended that new approaches to manage-
ment should be based on an understanding of eco-
systems, with the maintenance of ecosystem services 
as a primary goal.
Many forests are still not managed in accordance 
with the Forest Principles. Some of the obstacles that 
have been identified, particularly, but not only in de-
veloping countries, include the following: inadequate 
financial and human resources for the preparation, 
implementation, and monitoring of forest manage-
ment plans; the absence of mechanisms to ensure the 
participation and involvement of all stakeholders in 
forest planning and development; and inappropri-
ate forest legislation, regulation, and incentives to 
promote sustainable forest management practices 
(FAO 2009). In addition, many forest management 
plans are limited to ensuring sustained production of 
fibre with little consideration of other forest products 
and services or their potential values. In some cases, 
plans for fibre production may be only symbolic as a 
result of weak implementation or power struggles.
22.1.1 Definitions, Theories, and 
Applications
As society’s expectations for an array of products and 
services increase, the role of forests as multifunction-
al landscapes becomes more important, and the plan-
ning and management required for providing these 
services becomes more complex. Several approaches 
for planning and managing human activities, where 
ecological and socioeconomic processes are linked 
through recognition of social benefits flowing from 
ecosystems, have been described. These include 
ecosystem or ecosystem-based management, Eco-
system Approach, eco-social approach, bioregional 
planning, adaptive management, and integrated land, 
landscape, watershed or systems management. While 
all of these concepts have been widely interpreted, 
the outcomes that they are trying to achieve are com-
parable. The underlying philosophy is based on ho-
lism and sustainability, with an effort to integrate and 
apply science to management and to learn from these 
experiences. Feedback from adaptive management 
has given rise to various combinations and configu-
rations of these approaches; e.g., systems-thinking 
applied to a landscape approach to ecosystem man-
agement.
Among the numerous definitions of ecosystem 
management, the International Union for Conserva-
tion of Nature (IUCN) provides the following defini-
tion for practitioners: Ecosystem management seeks 
to organise human use of ecosystems in order to 
strike a balance between benefiting from natural re-
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sources available from an ecosystem’s components 
and processes, while maintaining an ecosystem’s 
ability to provide these at a sustainable level (Pirot 
et al. 2000). Managing for sustainability implies 
planning for the future. Managing multiple benefits 
for the future requires understanding and assessing 
conditions over many decades, or even centuries. 
In addition, spatial heterogeneity of resources, their 
governance and non-source-point impacts, have led 
to a developing consensus indicating that manage-
ment coordination across landscapes, or units larger 
than forest stands and conventional management 
boundaries, is required in order to provide sustain-
able levels of the multiple ecosystem services pro-
vided by forests.
Landscape ecology research has demonstrated 
that landscape pattern strongly affects ecosystem 
processes, and that land management decisions have 
strong effects on landscape pattern and ecosystem 
processes (Radeloff et al. 2006). In a landscape ap-
proach, forests are managed for the maintenance 
of ecological integrity and multiple benefits by 
controlling spatial landscape structure and its dy-
namics (Baskent and Yolasigmaz 1999), including 
the interactions between humans and ecological 
systems. These authors have outlined four critical 
elements: social, economic, ecological, and science 
and technology. The social element is about people, 
society, institutions, and governance. It emphasises 
the right and responsibility of citizens to be involved 
in public land management, and to benefit from the 
ecosystem services essential for human well-being. 
Community engagement in local and regional is-
sues creates a sense of place, relating geographic 
context to friendship, kinship, and employment, 
and fosters social learning. The economic cost of 
producing multiple values together should be lower 
than producing them separately as a result of sound 
management design and the ability to redistribute 
profits to pay for expenses. Local management of 
landscape benefits provides incentive for steward-
ship of resources. Two key ecological features of 
forest landscapes are interspecific differences and 
disturbances. Disturbance promotes biodiversity and 
biodiversity facilitates resilience. Landscape man-
agement attempts to maintain all forest structures 
within the landscape by mimicking, avoiding, and 
recovering from disturbances as the forest changes 
through natural population processes. It is therefore 
prerequisite that science and technology applied 
for the generation and management of ecological 
knowledge is seen as the key to implementing land-
scape management (Baskent and Yolasigmaz 1999). 
Knowledge of forest condition, dynamics, and re-
sponse to disturbances is of particular relevance. 
Transformative technology to manage this wealth 
of information and to generate models and visual-
ise scenarios for management options is critical for 
landscape-level decision-making.
Systems-thinking is based on studies of evolu-
tionary biology in the 1920s (von Bertalanffy 1968), 
which emphasised the importance of understanding 
how elements of a situation fit together through con-
nectedness and feedback loops rather than focus-
ing on the cause-and-effect of single elements (Kay 
2008). Systematically describing the nature of the 
inter-relationships of the elements and processes of 
events provides a means to improve understanding. 
Systems are composed of elements (and their rela-
tionships) and processes, which in ecosystems, are 
more commonly referred to as structures and func-
tions. Tansley (1939) proposed the term ecosystem in 
order to better understand complexity in nature as a 
hierarchy of nested systems. Rowe (1961) introduced 
the concept of integrated levels of organisation as 
a means to understand the functional relationships 
between components of the natural hierarchy (cells, 
organs, organisms, and ecosystems). Later, Simon 
(1974) recognised an adaptive significance for the 
mutually reinforcing interactions between nested 
hierarchies (structures and functions).
With their global systems dynamics model, which 
examined the interdependence of ecological and 
economic systems, and recognised the exponential 
growth and threshold levels of system components, 
Meadows et al. (1972) contributed to shaping the 
systems concept. The work of C.S Holling (1973, 
2001) and numerous collaborators (Folke et al. 2004, 
RA 2009) further advanced understanding of sys-
tems functioning and management by showing that 
both human (socio-economic) and natural (ecologi-
cal) systems are complex and continually adapting 
through cycles of change.
Holling’s theoretical systems dynamics, or “pan-
archy” model (Figure 22.1), describing four dynamic 
phases of an ecosystem, provides a helpful context 
for understanding the nested hierarchies in “sys-
tems thinking.” Phase 1 of the model represents the 
colonisation of an area by different organisms and 
their subsequent development. Phase 2 occurs as 
biomass accumulates; in a forest, this phase occurs 
when trees grow appreciably and extends over the 
maturation period. While the maturation of a forest 
spans many decades and may appear stable, it is sen-
sitive to disturbances, such as fire or pest outbreaks. 
When disturbance occurs, the transition to the release 
phase (Phase 3) can be initiated and usually occurs 
rapidly. Following disturbance, Phase 4 begins with 
a period of re-organisation. In a forest, the release 
of nutrients following a burn provides opportunities 
for re-colonisation by the same or different organ-
isms. For the new ecosystem to maintain the same 
functions as the previous one, a sufficient diversity 
of organisms to provide these functions should be 
available. Seed banks, legacy structures, or mobile 
species that can introduce reproductive material play 
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key roles in this phase.
Holling (1973) described the built-in capacity of 
a system to buffer disturbances and maintain the ca-
pacity to provide ecosystem functions as resilience. 
In the panarchy model (Figure 22.1), resilience is 
envisioned as a nested configuration of figure-eight 
cycles (Phases 1–4) representing systems operating 
at different scales, making them resilient and able to 
absorb shocks and adapt to changes, without collaps-
ing into a qualitatively different state, controlled by 
a different set of processes. The term panarchy was 
proposed (Gunderson and Holling 2002) to describe 
the interplay between change and resistance, and be-
tween the predictable and unpredictable in evolving 
hierarchical systems with multiple interrelated ele-
ments. The panarchy conceptual model can also be 
applied to social and economic systems to describe 
how natural systems and human systems are linked 
in continuing cycles of growth (exploitation), accu-
mulation (conservation), re-structuring (release), and 
renewal (Gunderson and Holling 2002). Developing 
an understanding of these cycles and the scales at 
which they operate permits identification of leverage 
points, which can be used to foster resilience and 
sustainability within a system.
Re-visiting Holling’s model with humans as the 
dominant species (Holling 2001, Hansell and Bass 
1998), the first phase is marked by development, 
expansion, and prosperity. There is growth and ac-
cumulation of capital and wealth by the dominant 
species as it establishes control over its environment. 
Though changes in the second phase may be slow, 
the effects can become substantial as they gradually 
accumulate. The trigger initiating the back-loop in 
the model may be sudden, such as when cumulative 
changes reach a tipping point. During this phase of 
“creative destruction and re-organisation,” predict-
ability is low, with constant potential for surprises. 
A sudden event like a forest fire or a pest epidemic 
can unexpectedly flip an ecosystem and an economy 
into a qualitatively different state by triggering the 
release of biomass, capital, and wealth. The recent 
outbreak of the mountain pine beetle (Dendroctonus 
ponderosae) in western North America provides an 
example of a trigger event. As of 2009, over 600 mil-
lion m3 of trees have been killed in British Columbia, 
Canada, in an area more than four times the size of 
Vancouver Island. It is predicted that 80% of the 
merchantable pine in the central and southern inte-
rior of British Columbia will be destroyed by 2013 
(BC Ministry of Forests and Range 2009). During 
and immediately after the outbreak, the forest was 
converted from a small net carbon sink to a large net 
carbon source (Kurz et al. 2008). Allowable annual 
cuts were adjusted to recover economic value and 
to speed regeneration (BC Ministry of Forests and 
Range 2009). The mountain pine beetle is normally 
an innocuous forest pest. Outbreaks have occurred 
several times in the last century, but cold weather 
usually confined them to specific geographic areas 
(Safranyik and Wilson 2006). In this recent wide-
scale outbreak, it is unknown whether the ecosystem 
Figure 22.1. conceptual representation of holling’s systems dynamics (Panarchy) model 
(adapted from gunderson and holling 2002).
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services – such as recreation, scenic values, tourism, 
fish and wildlife habitat, water control, and other 
non-timber products – will be retained in future 
years.
Holling (2001) emphasised the importance of 
maintaining resilience to increase the probability 
that an ecosystem will continue to supply goods 
and services required by humans following distur-
bance. Research on the ability of systems to retain 
the same functions, structure, identity, and feedback 
loops has indicated that human activities, such as 
land use change, resource exploitation, climate 
impact, and altered disturbance regimes, can lead 
to erosion of resilience, with ecosystems becom-
ing vulnerable and shifting to less desired states in 
their capacity to provide services to society (Folke 
et al 2004, Laliberte et al. 2009). These authors ad-
vise that management efforts to reduce the risk of 
undesired shifts between ecosystem states should 
focus on facilitating the gradual changes that affect 
resilience rather than trying to control disturbance 
and changing conditions.
Biodiversity acts as biological insurance, balanc-
ing ecosystem processes in the face of environmen-
tal changes (Yachi and Loreau 1999). For example, 
functionally diverse communities are more likely to 
adapt to climate variability and change within a given 
ecosystem. A multi-scale approach for the mainte-
nance of biodiversity is suggested as a means to as-
sist the ability of ecosystems to remain within their 
desired states by creating conditions favourable for 
recruitment of the key species contributing to eco-
system functioning following changing conditions 
or disturbance (Thompson et al. 2009). Modelling 
results indicate that there is a critical rate of climate 
change beyond which even diverse ecosystems will 
not be resilient (Cox 2008).
Respecting natural disturbance regimes, setting 
aside areas in permanent or temporary nature re-
serves, and creating corridors and stepping stones of 
habitat to enhance dispersal of organisms are some 
basic ecological tools for managing biodiversity at 
the landscape level (Mönkkönen 1999). De Camino 
and Breitling (2007) highlight the importance of dis-
tributing conservation efforts in both disturbed and 
undisturbed areas as part of adaptive management. 
Thompson et al. (2009) point out two specific actions 
that can be taken at the genetic level to increase re-
silience in forest ecosystems. The first relates to iso-
lated tree species at the margins of their geographic 
ranges. Populations of these species require special 
conservation attention because they are the most 
likely to represent pre-adapted gene pools for re-
sponding to climate change (Cwynar and MacDonald 
1987). The second involves the selection of trees for 
harvesting. Management objectives should ensure 
that selection is not based on site, growth, or form, 
because selective tree-harvesting has been shown to 
alter gene frequencies, especially among rare alleles 
(Schaberg et al. 2008).
Adaptive management is a key component of 
managing for resilience. This dynamic process, 
based on the experience and information generated 
by stakeholders who, in turn, are also responsible 
for adjusting the process based on new information 
acquired through management cycles, allows for 
flexibility in management response. Monitoring eco-
system changes and identifying the thresholds that 
trigger systems to flip between the stages described 
in the panarchy model, allow for learning, based on 
prior experiences, to inform and guide future condi-
tions (Gunderson and Holling 2002). Folke (2006) 
indicates that the conventional approach to natural 
resource management focusing objectives (e.g., for 
water levels, population numbers, etc.) on stability 
and control of change in systems (Phases 1 and 2 
of the panarchy model), ignores the opportunity 
for innovation provided by disturbance as a trigger 
for change and renewal. Resilience management is 
guided by renewal (Phases 3 and 4 of the model); 
turning the focus from stability to management of 
the capacity of ecological and social systems to cope, 
adapt to, and shape change.
While the theoretical literature on resilience is 
rich, guidance on implementation is an emerging 
field of research (RA 2009). Knowledge of system 
dynamics: diversity, variability, relationships, and the 
energy flows between socio-economic and ecological 
components and the critical processes that influence 
system changes, is a key input to management. This 
chapter explores these concepts through selected ex-
amples to illustrate how current knowledge of forest 
structures and processes can be applied to design and 
implement policies that foster eco- (ecological and 
economic) sociological inter-linkages. The roles of 
inventory, monitoring, modelling, and risk assess-
ment as components or tools for adaptive manage-
ment to deal with complexity and drivers of change 
in multifunctional landscapes are also discussed.
22.2 Approaches, instruments, 
and design
22.2.1 Management Planning 
to Integrate Ecological, Economic, 
and Social Values
Using a Triad Approach in Canada
It is an ongoing challenge to develop practices that 
reconcile the social, economic, and ecological val-
ues associated with Canada’s vast forests. The triad 
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approach to forest management, dividing the forest 
into three distinct zones – conservation, natural dis-
turbance-based ecosystem (NDB) management, and 
intensive silviculture (Seymour and Hunter 1992) – is 
one way of addressing this challenge. Each zone has 
its own management objectives, but the overall goal 
is to increase the ecological, economic, and social 
sustainability of the entire forest. In the conservation 
zone, the goal is to conserve native biodiversity and 
ecosystem processes and functions. No industrial 
activity is carried out here, and human activities are 
limited to those that do not interfere with the over-
arching goal of conservation. In the NDB manage-
ment zone, the goal is to preserve the resiliency and 
adaptability of the forest and its native biodiversity 
while accommodating human use. Logging is thus 
permitted, but in keeping with this goal. Natural dis-
turbance-based management practices are designed 
to mimic patterns created by natural disturbances 
(Kuuluvainen 2002, Bergeron et al. 2004, Gauthier 
et al. 2008). Under many circumstances, the use of 
partial cutting in the NDB management zone allows 
for timber production while preserving ecosystem 
resiliency and adaptability. The practices rely mostly 
on natural regeneration and offer multi-entry harvest-
ing opportunities that help regulate long-term log-
ging schedules. Finally, in the intensive silviculture 
zone, the main goal is timber production. This zone 
is set up to compensate for merchantable timber not 
harvested from the other two zones so as to maintain 
the timber supply, and thus the economic viability 
of the wood-products sector. The more timber that 
can be extracted from this zone, the larger the area 
that can be set aside for conservation and the less 
timber that needs be extracted from the ecosystem 
management zone. To achieve productivity gains, 
various types of traditional silvicultural practices, 
such as thinning and vegetation management, are 
implemented. Genetically improved trees and fast-
growing hybrids may also be planted (Messier et al. 
2003), although care must be taken to select strains 
that will not interfere with the functioning or species 
composition of the rest of the forest through invasion 
or hybridisation.
Properly applied, the triad approach may be able 
to address many of the challenges facing contem-
porary forest management. In theory, it could help 
reduce the shortage of mature and accessible wood, 
while at the same time providing for increased con-
servation and allowing for NDB management to be 
applied across much of the forest. As such, the triad 
approach should be economically, ecologically, and 
socially beneficial. Economically, transportation and 
silvicultural costs should be reduced by locating the 
intensive silviculture areas close to the mills and 
transportation infrastructure. Ecologically, biodiver-
sity should be conserved through NDB management 
and the setting aside of relatively large unharvested 
Photo 22.1 A typical agro-forestry landscape in eastern Quebec, canada where management focuses on 
sustainable benefits from agriculture and forestry.
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conservation areas, counterbalanced economically 
by high returns from the intensive silviculture zone. 
Socially, the less-intensive harvesting of the NDB 
management zone should provide better access for 
recreational and other non-timber users while still 
providing timber for the wood-products sector and 
habitat for wildlife.
When the three zones are examined as comple-
mentary parts of a whole management unit, there 
may be even more benefits. Plantations in the in-
tensive silviculture zone and replanting in the NDB 
management zone may allow for native tree spe-
cies that do not easily regenerate on their own after 
logging to regenerate, thus maintaining the overall 
biodiversity of the managed forest. Conservation 
areas act as controls against which the state of the 
present and future managed forest may be gauged, 
facilitating the creation of guidelines for sustainable 
forest management in the NDB management zone. 
Conservation areas can also constitute source habitat 
for plant and animal species, thus helping to maintain 
more-natural levels of biodiversity than might other-
wise be found in the surrounding managed forest. In 
turn, natural levels of biodiversity can provide future 
economic opportunities, as well as environmental 
and social values.
Although the triad concept has attracted a lot of 
interest recently (Burton et al. 2003, MacLean et al. 
2009), it remains largely theoretical. Most studies 
on the concept have been simulations (Bos 1993, 
Krcmar et al. 2003, Boyland et al. 2004, Montigny 
and MacLean 2006). The concept is currently being 
tested on a 0.86 million ha forest management unit in 
central Québec. Five years into the study, the results 
indicate that the triad is economically viable and so-
cially acceptable in this area. Although many aspects 
of managing a large forest management unit had to be 
modified to be able to implement the strategy (e.g., 
regulations, etc.), the consensus among the various 
participants in this project is that a triad zoning ap-
proach may be a good fit for the public forests of 
Canada, with its many different interest groups and 
stakeholders, and valuable natural resources (Messier 
et al. 2009).
Linking Nature-Oriented Forestry to Economic 
Gains in Germany
Although German foresters have claimed ownership 
of the term “sustainable forestry” (von Carlowitz 
1713), for many years, the primary concern was 
maximising the output of wood from mostly even-
aged forest stands. As production costs and natu-
ral disturbances from storms, drought, insects and 
diseases, and game browsing increased over time, 
the aim to continuously increase wood production 
did not continue to yield positive economic results, 
especially in public forests.
In 1994, after eight years of research, soil surveys, 
forest inventory, biotope analysis, and much discus-
sion, the concept of “Nature-Oriented Forestry” for 
the 5000 ha of temperate forest in the city of Lübeck 
was presented first to the public and later to the in-
ternational community (Fähser 1995). One of the 
goals of the Lübeck forest was to demonstrate how 
the UNCED 1992 goals could be put into practice 
locally. The Lübeck Concept of Nature-Oriented For-
estry, known in German as “Prozessschutz-Konzept” 
(protection of natural processes), is a holistic concept 
guided by natural processes (i.e., natural regeneration 
and competition of trees, minimal interference). Un-
derpinning the concept is the premise that a healthy 
forest ecosystem is the basic precondition for eco-
nomic success in forestry (Fähser 1988). The follow-
ing ideas are central to the Lübeck Concept:
◆ Achieving sustainable timber production means 
managing forests so that their composition, struc-
ture, and functioning match the local natural forest 
associations having the complete natural biologi-
cal diversity of the area.
◆ The targets for the output from the forest should 
not exceed the potential productivity of the natural 
ecosystem. In Germany, for example, the sustain-
able range for timber harvest, based on the pro-
ductivity of natural forest ecosystems, is between 
4 m³ to 15 m³ per hectare per year. Exceeding this 
volume goes beyond the natural capacity of the 
forest for renewal.
◆ The principle for achieving economic benefits is 
based on minimising the input rather than maxi-
mising the output. The basis of this principle is 
that when living systems, such as forests, are used 
for industrial production, there is only limited re-
sponse to inputs, and excessive inputs to the sys-
tem may even cause collapse, as a result of stress 
from overfeeding, shock, or unnatural impacts.
The following list outlines some of the technical 
components of the Lübeck Concept. These concepts 
were developed based on information from detailed 
soil surveys, forest inventories, and biotope analyses 
(Strum 1995).
◆ Selective single tree cutting is practised. The open-
ing of the canopy may not exceed 0.25 hectare.
◆ Natural regeneration is the main source for re-
newal. Planting should be the exception and, if 
done at all, only with native species.
◆ The concept can do without tending in most cases 
because self-structuring is preferred. Thinning 
should remove poor quality stems and competing 
exotic trees, but it should not eliminate competi-
tion between trees.
◆ Final harvest of single trees is defined by mini-
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mum target diameters for the different species. 
These are 65 cm at 1.3 m height for beech trees 
(Fagus sylvatica), and 75 cm for oak trees (Quer-
cus spp.).
◆ To maintain self-organisation, the forest requires 
at least 10% of the trees to remain permanently as 
snags, nest trees, biotope trees, or other functional 
habitats of specific species.
◆ In order to practice adaptive management and 
learn from nature, at least 10% of the forest area 
should remain unmanaged as “reference areas.”
◆ Clear-cuts, monocultures, introduction of exotic 
tree species, application of pesticides and fertilis-
ers, soil disturbance (by compacting or plough-
ing, etc.), clearing an area, burning of biomass, 
drainage of moist areas, activities that might cause 
disturbances during ecologically sensitive times 
of the year, and feeding of wild animals, are not 
permitted.
In 2004, a follow-up assessment of forest structures, 
dynamics, and the associated socio-economic ob-
servations (Fichtner 2009) produced the following 
results:
◆ Production, based on timber volume, increased 
from 290 m³/hectare to 360 m³/hectare.
◆ Annual timber yield increased by 15%.
◆ The proportion of natural tree species in the upper 
canopy increased by 11%, even more in the lower 
canopy and in new regeneration.
◆ Damage from natural disturbances (e.g., 
windthrow, insects) decreased.
◆ Annual profit increased 20%.
The Lübeck Concept rapidly gained support. In 2008, 
the German Federal Foundation for Environment 
project, focusing on the ecological potential of beech 
forests as an aspect of multifunctional management, 
confirmed these results (DBU 2008) and demonstrat-
ed that, in comparison with conventional forestry, the 
Lübeck Concept not only improved ecological val-
ues, but also produced better economic yield. Similar 
findings are reported by Kaiser and Strum (1999) and 
Duda (2006). Observations from regional monitor-
ing groups reported that over a 15-year period, there 
was increased abundance in a number of sensitive 
and rare species, particularly bat, woodpecker, crane, 
white-tailed eagle, and black stork (Struwe-Juhl and 
Grajetzki 2007, Ellenburg 2008,).
The environmental community used the Lübeck 
Concept as the basis for an international forest cam-
paign. The forest industry supported the concept by 
sponsoring an award for Environmental Manage-
ment. The principles were adopted by the Forest 
Stewardship Council, and several of the technical 
components (i.e., reference areas, natural forest as-
sociation, biotope trees, precautionary principle) be-
came certification criteria. Criteria and indicators 
of the Lübeck Concept constituted the first national 
“Naturland”-certification scheme for forest man-
agement. Many German community forests have 
implemented practices originating with the Lübeck 
Concept (Fähser 1997a).
Based on respect for the complexity of natural 
processes, the Lübeck Concept also embeds adap-
tive management (Fähser 1997b). The German Fed-
eral Agency for Environment adopted the Lübeck 
Concept as its vision for “best practice” in forestry 
(Brendle 1999, Winkel and Volz 2003, Bundesamt 
für Naturschutz 2009). The increased frequency and 
severity of weather events in recent years has sparked 
new interest, both in Europe and beyond, in nature-
oriented forestry and the ideas of self-adapting and 
site-adapted forests.
Landscape-Level Land Use Planning Using the 
Ecosystem Approach in Bosque Seco Chiquitano
The Chiquitano Tropical Dry Forest ecoregion 
(BSCh) is a transitional zone between the subtropi-
cal dry forests (the “Chaco”), the pre-Andean forests, 
the Gran Pantanal, and the Amazon rain forest. This 
complex system of tropical dry forests, the “Cerrado” 
savannahs, and flooded savannahs covers approxi-
mately 24.7 million ha in eastern Bolivia, western 
Brazil, and northern Paraguay (Vides-Almonacid et 
al. 2007) and provides the following ecosystem ser-
vices: valuable timber supplies, wild non-timber re-
sources for commerce and trade, wild animals, food 
and medicines for the local population, water regu-
lation, pasturelands for sustainable cattle ranching, 
drinking water, agricultural and industrial produc-
tion, carbon sequestration from avoided deforesta-
tion, climate regulation, maintenance of soil fertility, 
bioregulation, and scenic landscapes for tourism.
Over a ten-year period, increasing pressures 
from the economic system (favourable export mar-
ket conditions for agricultural products, especially 
oleaginous plants [soy] and foot-and-mouth disease-
free meat) linked with a stimulus in the agriculture 
sector (64% increase in intensive agriculture), in-
teracted with the structures and processes of the 
ecological system until there was a system change 
(loss of natural vegetation). Following this system 
change, several other process and structural changes 
followed. Large blocks of forest and woodland were 
fragmented. Wildlife populations were reduced or 
eliminated as a result of structural changes in natural 
habitats, over-exploitation, and modification of bio-
logical and ecological patterns, global and regional 
climate changes and development (roads, mining ex-
ploitation, and other industrial growth). In response 
to this perceived threat to the ecological integrity of 
the area, representatives from the community and 
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several organisations worked together to develop 
an integrated plan for conservation and sustainable 
development for 7.7 million ha of the BSCh (Ibisch 
et al. 2002). The plan used the Ecosystem Approach 
(EA) as the supporting technical-scientific basis for 
conservation actions and sustainable development 
on a landscape-ecoregional level and for guidance 
on participatory management. The Malawi Prin-
ciples were used in the planning process: to define 
the geographical scope for management; as a basis 
for integrating conservation activities with socio-
economic development; to promote the objectives 
of long-term natural resource management; and as a 
basis for providing incentives for local participation 
in decision-making. The primary drivers for the plan 
were based on the following needs: to make strategic 
and operational decisions linked to territory manage-
ment; to find alternatives for sustainable management 
of forestry resources; to empower local stakeholders; 
to integrate scientific and traditional knowledge; and 
to generate opportunities for dialogue and agreement 
among the participating sectors.
This plan eventually grew into an ecoregional 
land planning system (Vides-Almonacid et al. 2007), 
where an ecoregion is defined as a “recurring pat-
tern of ecosystems associated with characteristic 
combinations of soil and landform that characterise 
that region” (Brunckhorst 2000). An ecoregion also 
involves areas where there is spatial coincidence in 
characteristics of geographical phenomena associ-
ated with differences in the quality, health, and in-
tegrity of ecosystems (Omernik 2004). The primary 
outcomes achieved were as follows: scaling up plan-
ning to landscape-ecoregional level (going from 7.7 
to 24.7 million ha); defining priorities and actions 
based on maintaining the ecological integrity of the 
component ecosystems (areas with a high level of 
biological diversity with respect to the number and 
variety of species within an ecosystem and across the 
ecoregion, and creation of biological corridors to link 
reserve areas and permit species migration); strength-
ening local natural resource management (through 
municipal governments, local organisations), utilis-
ing territorial land at different scales (private farms, 
communal lands, municipalities); identifying eco-
nomic value for wild plant resources (wild fruit, valu-
able timber); and integrating scientific and traditional 
knowledge to better manage wildlife, medicines, and 
native fruits. The area of the ecoregion under ter-
ritorial land use at the municipal scale has grown 
significantly since the outset of the management 
system established under the paradigms of the EA 
(Figure 22.2). Similarly, the protected areas under 
local management increased from zero hectares in 
2000 to nearly half a million hectares in 2007, with 
projections for more than a million hectares by 2010, 
considering only those that promote natural resource 
management at the lowest suitable level.
During the process of applying the EA through-
out the Chiquitano Dry Forest, several challenges 
were encountered. These included: lack of effective 
“ownership” of the EA conservation and sustainable 
development paradigms by the local stakeholders; 
rapid changes in social and political scenarios at the 
national, departmental, and municipal levels; numer-
ous political and economic interests of stakeholders; 
and gaps in the information and knowledge regarding 
ecosystem functioning and the economic valuation 
of the ecosystem services, to the degree that an ac-
ceptable analysis of the services/benefits would be 
feasible.
Through continuous adjustments and improve-
ments, the EA has functioned as a frame of reference 
for assessing the activities undertaken in the Chiq-
uitano Tropical Dry Forest ecoregion over a span 
of approximately 20 years. During this period, the 
following lessons were learned:
Figure 22.2 Area under territorial land use planning at the municipal 
scale for those municipal districts that have significant portions in the 
chiquitano dry Forest ecoregion until 2007, and projected until 2010 
(derived from Justiniano 2003).
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1. Knowledge about and engagement in the EA con-
cept is best achieved through tangible processes 
(e.g., implementing territorial land use or develop-
ing sustainable production activities) rather than 
through theoretical definitions.
2. Flexibility and adaptive capacity are important 
in order to take advantage of opportunities and 
to face difficulties arising from rapid changes in 
social and political scenarios at the national, de-
partmental, and municipal levels.
3. Experience gained from working on large-scale 
jurisdictional-administrative units (e.g., associa-
tions or commonwealths of municipal districts) is 
useful to make the planning and territorial man-
agement processes viable, integral, and compat-
ible in ecological terms (e.g., watersheds, biologi-
cal, political-jurisdictional, cultural, and socio-
economic corridors).
4. Taking “ownership” of the integrated management 
of the territory, by making conservation and socio-
economic development compatible, begins with 
formal planning instruments, such as municipal 
land use plans. Processes for managing a specific 
natural resource usually had links to other resourc-
es (e.g., forestry, tourism, water use, biodiversity, 
land use, etc.).
This case study from Latin America demonstrates the 
usefulness of the EA in managing forest ecosystems 
within an economic context that seeks to contribute 
to effectively reducing poverty, while contributing to 
maintaining the viability of the principal ecological 
services. However, one of the keys to the success of 
applying the EA in practice will be its integration in 
multi-sector and participatory public policies. The 
main lessons learned indicate the need for greater 
emphasis in applying principles aimed at ecosystem 
management in an economic context (e.g., effective 
measurements of the cost-benefit ratio when using 
environmental goods and services, a more effective 
means of decentralising decision-making power, and 
a way of integrating scientific and empirical know-
how). Finally, it was concluded that applying the EA 
to management on a landscape-ecoregional scale al-
lows for integration of social, political, and economic 
issues, and presents opportunities for both conserv-
ing biodiversity and sustainable development.
This case study also demonstrates that focusing 
land management primarily on economic objectives 
can lead to changes in the ecological system and 
interruptions in ecosystem services. Ecological in-
tegrity should guide management decisions on types 
and levels of ecosystem goods and services. Focus-
ing land management on ecological integrity may 
equally allow for system recovery.
22.2.2 Inventories and Monitoring
As pointed out in the previous section, maintaining 
or restoring the integrity of forest ecological sys-
tems is a precursor for healthy economic and social 
systems. Inventories and monitoring are primary 
sources for gathering knowledge on system status 
and dynamics.
Inventories of Multi-Sectoral Assets
Natural resources provide the power supply for local 
and global societies. A primary step towards ensur-
ing that these resources will be conserved and used 
sustainably with optimum benefits for society is the 
development of an inventory of all assets. This in-
ventory should include a listing and the potential 
of natural, human, social, and economic assets. It 
should include the condition, trends, and intensity 
of use of all ecosystem services. Ecosystem services 
are described in Chapter 2.
Natural assets comprise the natural resources 
or environmental features that provide a flow of 
goods and services (Pearce and Turner 1990). An 
inventory of natural assets can be used to determine 
rates of depletion or responsible utilisation. Exam-
ples include the following: water may be polluted, 
wasted or technologies for irrigation, distribution, 
and consumption may not be suitable; conversion 
coefficients for standing trees to final products may 
indicate that only a fraction of the total biomass is 
being utilised; imported substitute products may be 
used as a result of insufficient knowledge of local 
biodiversity; a low proportion of the chain of value 
may be processed with little value directed for local 
benefits; lack of attention to soil quality, or use of in-
appropriate technology may lead to soil degradation 
leaving poor quality and limited quantity available 
for local people; high transaction costs may favour 
illegal use of resources in order to make natural re-
sources products profitable.
Human assets include the collective attitudes, 
skills, and abilities of people. Investment to develop 
local capacities may be insufficient and the compari-
son between the actual and the potential development 
of human assets may be enormous. The absence of 
vocational programs in rural schools obliges local 
youth to search for opportunities beyond the region. 
Where educational standards are set nationally, ori-
entation and directives may be disconnected with the 
realities of the landscape. In a landscape dominated 
by forests, education and vocational training should 
be oriented to the conservation of forests, water, 
biodiversity, and other natural resources. Programs 
should focus on learning how to develop and manage 
projects that make sustainable use of soil, water, and 
forests; to establish sustainable cropping systems in 
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agriculture, silviculture, and aquaculture; and to uti-
lise and market the array of natural resources-related 
goods and services.
Social assets are shared norms or values that 
facilitate individual or collective action generated 
by networks of relationships, reciprocity, trust, and 
social norms (Fung and Wright 2003, Escobar 2005). 
In the most basic aspect, social assets may be con-
sidered as connections. They can be formal, such as 
the role of an organisation in landscape management, 
or informal, such as traditional cultural approaches 
to conflict resolution. Social assets can be measured 
by the amount of trust and reciprocity in a com-
munity or between individuals. A starting point for 
increasing social assets at the landscape level is the 
development of strong team leadership, with capacity 
for leading discussions and decisions on the use of 
community assets. These community leaders then 
need to be connected to other communities across 
the landscape, the region, etc. to create a web of lead-
ers with a capacity for sharing knowledge and for 
negotiating. Taking stock and optimising the use of 
social assets will also allow communities to be bet-
ter represented at regional and national discussions, 
and to voice their rights and priorities and to ensure 
accountability of decisions. Developing the social 
assets of a community is the basis for mobilising 
most of the other assets of the landscape.
Financial assets may be considered as those that 
can be directly converted into money. Rural commu-
nities often lack connections to the banking system 
and access to loans. Current banking systems can 
grant credit only to people that can provide collateral, 
such as a land title, as a guarantee for the money 
that they receive. A natural catastrophe may result 
in loss of lands to the banks similar to the events 
described in the novel “The Grapes of Wrath” by 
John Steinbeck (1939). Funding for landscape man-
agement should come from the internalisation of all 
externalities through prices for goods (market prices 
that internalise environmental and social impacts) 
and services (through environmental taxes and ser-
vices payments). Achieving this goal needs the com-
mitment of international stakeholders and funding 
agencies in order to develop a straightforward system 
that reduces intermediation and ensures benefits to 
people in rural areas. The development of community 
social assets has enabled organisations to be success-
ful in preparing and getting funds for implementing 
projects, and in creating and managing micro-credit 
organisations (e.g., Grameen Bank).
Infrastructure assets are those that are construct-
ed. A basic set of landscape production and com-
munication infrastructure consists of schools, health 
stations, roads and bridges, and water provision fa-
cilities. Community social assets can be deployed to 
urge the national and local governments to establish 
these infrastructure assets. Communities have also 
to invest their own human capacities in the improve-
ment and maintenance of the existing infrastructure. 
Low capacity to organise and react on time can lead 
to infrastructure collapse.
The assets described above may also be referred 
to as natural, human, social, and economic capital 
(Pelling 2005).The “capital approach” to sustainable 
development (Neumayer 1999, 2003) requires that 
the overall capital capacity should be maintained 
over intergenerational time scales. This approach is 
premised on the assumption that the various types 
of capital can be substituted by others; e.g., natural 
capital can be depleted and substituted by man-made 
capital (Neumayer 1999, 2003); while others (Pearce 
and Turner 1990, Ekins et al. 2003) have pointed 
out that because natural capital provides ecosystem 
services, it is a direct determinant of human welfare. 
It is thus of greater importance than other forms of 
capital and cannot be substituted. Sustainability, 
then, requires the entire stock of natural capital to 
remain intact over generations. The idea of “criti-
cal natural capital” (Gunderson and Holling 2002, 
de Groot et al. 2003, Dietz and Neumayer 2007) 
emerged to distinguish the portion of natural capital 
that performs important and irreplaceable ecosystem 
services.
Complex dynamic ecosystems are important 
natural capital assets (Deutsch et al. 2003). Their 
complexity and dynamic nature make determining 
and maintaining sufficient levels of renewable natural 
capital to provide for the needs of society, now and in 
the future, a challenge. A current problem in society 
is that natural capital is generally not accounted for 
or properly valued on market balance sheets (TEEB 
2009). Deutsch et al. (2003) point out how using 
resilience as a unifying theme across ecological, 
economic, and social systems may help to address 
this problem.
Resilience is measured by the amount of change a 
system can undergo and still remain within the same 
state, the degree to which the system is capable of 
self-organisation, or to which it can build the capacity 
to learn and adapt. As discussed in Section 22.1.1 
of this chapter, biodiversity contributes to ecosys-
tem resilience by providing a variety of species for 
recruitment following change. The loss of groups of 
species that carry out key functions in an ecosystem 
will impact the capacity of ecosystems to re-organise 
following disturbance, and will thereby impact the 
flow of ecosystem services for human well-being 
(Deutsch et al. 2003). The inclusion of functional 
species as part of a system inventory and monitoring 
program can be useful to indicate both ecosystem 
performance and the status of natural capital.
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Monitoring and Adaptive Management, Northwest 
Forest Plan, USA
The traditional approach to assessing forest resources 
over large areas is to use forest inventories. These typi-
cally have consisted of temporary or permanent plots 
designed to produce a statistically valid estimate of 
timber resources for single or multiple ownerships. In 
the United States Pacific Northwest, the Forest Inven-
tory and Analysis (FIA) program of the United States 
Department of Agriculture (USDA) Forest Service 
consists of a grid of fixed plots spaced about 5.4 km 
apart (one plot for about 3000 ha) across millions of 
hectares of public and private forest land (Moeur et 
al. 2005). About 10% of the plots are re-measured 
every year, resulting in a 10-year cycle for visiting 
all the plots, and a statistically based estimate of 
changes in forest structure and composition. The FIA 
measurement program has evolved over the years 
in response to increased demands for information 
about ecological phenomena. For example, measure-
ments are now taken on coarse woody debris and 
fine fuels. Plot-based inventories like these are not 
able to characterise the spatial pattern of vegetation 
and other biophysical phenomena. To obtain spatial 
information, other methods (e.g., satellite imagery, 
aerial photography) must be used.
Demands for more ecological information about 
forests and landscapes led to the development of 
entirely new policies for federal and private lands in 
Washington, Oregon, and northern California (John-
son and Swanson 2009). On the federal forest lands, 
the Northwest Forest Plan (NWFP) of 1994 made 
management for old-growth and associated fungi, 
plant, and terrestrial and aquatic animal species the 
dominant goals for federal forests in the western half 
of the region. The NWFP set up a landscape system 
of reserves and actively managed areas that were 
intended to meet the new biodiversity goals while 
producing a sustainable, but much lower, level of 
timber harvest. It was recognised that it would take 
many decades to achieve the ecological outcomes, 
and the NWFP was designed to achieve its goals after 
100 years. The NWFP also called for monitoring and 
adaptive management to evaluate the implementation 
and effectiveness of the plan, and provide quantitative 
information that could be used as a basis for changing 
the plan. This monitoring program, which was one 
of the most ambitious multi-scale forest monitoring 
efforts ever conducted, was implemented and has 
produced a 10-year report detailing findings about 
trends describing effects of key ecological and social 
components of the plan (Haynes et al. 2006).
The monitoring plan was based on three bio-
physical measurement approaches: 1) a forest plot 
inventory mentioned above; 2) a spatial analysis of 
current vegetation and landscape pattern and change 
based on Thematic Mapper (TM) imagery; and 3) 
demographic monitoring of Northern Spotted Owl 
(Strix occidentalis) populations. In addition, socio-
economic monitoring was conducted on timber, jobs, 
and community well-being.
The monitoring strategy was based on collecting 
biophysical information about species and ecosys-
tems at multiple levels of the biological hierarchy. In 
this case, the hierarchy included tree and vegetation 
information, populations of sensitive species, and 
landscape structure and dynamics. An underlying as-
sumption of the approach is that knowledge of forest 
vegetation structure, composition, and dynamics can 
serve as a surrogate or approximation for knowledge 
of many individual species or ecosystem processes. 
This strategy has both scientific and practical mo-
tivations. The scientific basis lies in demonstrated 
relationships between species occurrences and/or 
ecological processes and vegetation structure, com-
position, and dynamics (Mulder et al. 1998). This 
approach has been called a “coarse filter” approach 
(Hunter 1991), and it is generally accepted that forest 
structure-based indicators should be part of an over-
all conservation strategy (Lindenmayer et al. 2001). 
However, it is also clear that so-called coarse-filter 
approaches have limits when it comes to predicting 
the abundance of individual species (Cushman et 
al. 2008). The practical basis lies in the fact that 
agencies and research institutions do not have the 
resources and expertise to monitor a large number 
of species and ecosystem processes.
After 10 years of monitoring the effectiveness 
of the 100-year NWFP, many trends were observed, 
including the following:
1. The total area of older forest increased faster than 
expected as a result of lower levels of logging than 
were allowed, and growth of mid-sized conifer 
stands into the lower diameter range of the old 
forest class.
2. In dry parts of the region, however, the amount 
of older forest lost to stand-replacement wildfire 
was relative high, and if such trends continued it 
would be difficult to reach restoration goals for 
old growth in those areas.
3. Populations of the Northern Spotted Owl declined 
at close to expected rates in the region as a whole, 
but in the northern third, the population declined 
at the high end of the expected rate probably be-
cause of the spread of a competitor species – the 
Barred Owl (Strix varia) – into territories of the 
Spotted Owl.
These trends, and other information collected in 
monitoring, were invaluable in providing a scientific 
basis for continuing the NWFP and making some 
changes to how it is implemented. For example, man-
agers and policy-makers have used the information 
to increase efforts at reducing fuels in dry forests, 
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and have created a new conservation strategy for 
conserving owl habitat in fire-prone landscapes. Fur-
thermore, research efforts are now being directed at 
learning more about the habitat needs and influences 
of the Barred Owl.
The lessons from conducting the monitoring were 
several:
1. It is important to state expected ecological and 
socio-economic outcomes of a landscape plan, 
otherwise it is difficult to put monitoring results 
into context.
2. It may be necessary to monitor both habitat and 
populations for a few species, because habitat and 
population trends, and drivers of those trends, may 
differ.
3. It is not practical, either economically or politi-
cally, to survey for large numbers of rare and 
poorly known species (e.g., fungi, bryophytes, 
invertebrates). Structure-based approaches may 
be all that agencies can afford for most species.
4. Scientists and managers must approach monitor-
ing through a partnership. Managers need the sci-
entists to help develop protocols and analyses, but 
managers should do the monitoring work because 
there are too few scientists to do that work, and 
if monitoring is to become part of management 
culture, then managers should conduct it.
22.2.3 Landscape-Level Modelling
Applying Integrated Landscape-Level Models in 
Oregon, USA
Monitoring landscape change is only one part of a 
strategy for sustaining forests in a dynamic world. 
Landscape modelling is another important compo-
nent of adaptive management because it allows as-
sumptions about management actions to be assessed 
(Walters 1986). While it can take many different 
forms and have different goals, it is generally used 
to better understand how management actions and 
biophysical processes could change biodiversity and 
ecosystem structure, function, and services across 
large heterogeneous areas (Monserud 2003, Scheller 
and Mladenoff 2007). Landscape modelling varies in 
scale and resolution, often includes the activities of 
humans, and relies on either simulation or optimisa-
tion approaches to produce spatially explicit outputs. 
While scientific models are often used for prediction, 
the complexity and spatial nature of landscapes make 
such models difficult to validate and use to predict 
outcomes. Instead, such modelling is often used to 
evaluate assumptions and project possible outcomes 
of different scenarios.
In the US Pacific Northwest, integrated landscape 
models have been used for a variety of purposes. 
At a relatively small landscape scale (23 990 ha), 
managers and scientists used landscape models to 
evaluate how historical fire regimes could be used 
to create alternative conservation plans for federal 
forest lands in Oregon (Figure 22.3). This modelling 
Figure 22.3 Projected conservation scenarios for federal forest lands based on spatial 
pattern and frequency of fire (cissel et al. 1999). Reprinted with the permission of 
the Ecological Society of America.
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effort demonstrated that a landscape management 
strategy based on the spatial pattern and frequency 
of fires could improve biodiversity outcomes com-
pared to the existing plan that was less sensitive to 
disturbance history.
Another effort, the Coastal Landscape Analysis 
and Modelling Study (CLAMS), which focused on a 
2.3 million ha multi-ownership landscape of coastal 
Oregon, evaluated how current and alternative man-
agement policies might affect a suite of biodiver-
sity and socio-economic metrics (Spies et al. 2007) 
(Figure 22.4).
That landscape modelling effort projected how 
the policies and actions of different public and private 
forest land owners over many decades could scale up 
to the region. CLAMS found that individual land-
owner forest biodiversity plans, which were not co-
ordinated, could result in some unintended outcomes. 
For example, under current policies, landscape patch 
diversity and intermixing, early successional stages, 
hardwood forest types, and several species of verte-
brates would decline, as illustrated in Figure 22.5.
Alternative policies, which increase retention of 
trees in cutting units on private lands, could miti-
gate some of these potentially undesirable changes. 
A theoretical scenario in which the landscape was 
allowed to be shaped by the historical fire regime 
would require several centuries before the landscape 
structure would return to its historical range (Nonaka 
and Spies 2005). That scenario illustrated the fact 
that, for many landscapes, it is really not possible to 
return to the historical landscape structure or dynam-
ics. Instead, managers can only hope to approximate 
some of the processes and patterns that support the 
desired elements of biodiversity and ecosystem ser-
vices. The CLAMS effort has helped policy-makers 
take a broader landscape view of conservation prac-
tices, and led to new tools that are now being used 
in landscape planning. CLAMS also revealed that 
few policy institutions are set up to deal with multi-
ownership issues that arise from the cumulative ef-
fects of individual ownership activities.
What has been learned from forest landscape model-
ling in the US Pacific Northwest?
1. Spatial models are now the standard for planning 
and evaluation of forest management.
2. Modelling approaches are quite variable, and no 
single approach is suitable for all questions and 
issues.
3. Developing the underlying geographic informa-
tion system (GIS) layers and supporting models 
for conducting landscape modelling can take con-
siderable time and effort.
4. Validation of landscape models is extremely dif-
ficult and is often approximated with sensitivity 
analysis to understand the robustness of the out-
comes (Monserud et al. 2003).
5. Most landscape models have to rely on a mix of 
relationships derived from empirical studies on 
expert judgment.
6. Landscape modelling using scenarios can help 
people understand the possible consequences and 
cumulative effects of site- and landscape-level 
plans and activities.
7. Modelling alone rarely changes policy and man-
agement, but it is a critical part of a systems-based 
Figure 22.4 Ownership pattern of the 2.3 mil-
lion ha coastal Landscape Analysis and Modelling 
Study (cLAMS) in coastal Oregon.  Abbreviations: 
uSFS = united States Forest Service; BLM = 
Bureau of Land Management; State = State of 
Oregon; industry= forest industry; niPF = non-
industrial private forest and other miscellaneous 
owners; nonforest = other land uses (Spies et al. 
2007). Reprinted with the permission of the Eco-
logical Society of America.
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landscape management process that includes 
monitoring, research, and stakeholder involve-
ment.
8. While landscape models are proliferating and 
becoming more widely used, the complexity and 
hidden assumptions of even simple models make 
it imperative that users explain their assumptions, 
and the limitations and uncertainties.
22.3 Addressing the challenges 
in Managing for change
22.3.1 Forest Adaptability and 
Resilience
The theory underlying resilience management is sup-
ported by advances in chaos theory (Stewart 1989), 
complexity studies (Holland 1975), and computing 
power, which, in turn, have fostered investigations 
of the organisation and relationships among indi-
vidual parts or processes of systems, how they give 
rise to emergent behaviours, and how the system 
adjusts and adapts to changing conditions (Levin 
1998, 2005; Solé and Bascompte 2006). Complexity 
science suggests that no aspect of forests may ever be 
highly predictable. In fact, the accumulating knowl-
edge about the processes that determine ecosystem 
dynamics shows that these processes are not united 
by comprehensive theories, but rather by their unpre-
dictability. While qualitative forecasts to predict the 
general trend of forest development following distur-
bance are possible, accurate quantitative predictions 
of attributes at a particular place and time, such as 
total biomass, continue to be a challenge.
A systems framework taking into account the 
lack of certainty, and integrating the spatial and tem-
poral range of variation within forest ecosystems, 
can serve as guidance to develop new management 
practices that will allow the forest to adapt and be 
resilient (Puettmann et al. 2009). Policies that ac-
commodate and promote complexity, variability, and 
Figure 22.5 Projected (a 100-year simulation) landscape changes based on policies and action plans of 
different public and private forest land owners. numbers indicate relative change percentages that ex-
ceed 100; deviation from historical range of variation (hRV) is mean deviation (%) of forest age classes 
from the expected distribution of either the high or low end of the range of values under the historical 
disturbance regime. Timber production is change (%) in harvested volume (m3/year); nA= not applicable 
(Spies et al. 2007). Reprinted with the permission of the Ecological Society of America.
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some uncertainty of outcomes are a dramatic shift in 
the premises underlying conventional forestry. Forest 
managers have expended a lot of effort to control 
disturbances and to be able to predict forest develop-
ment. Accepting heterogeneity and lack of predict-
ability as important and inherent characteristics of 
forests implies allowing forest development to follow 
a variety of possible paths. This would mean that 
rather than trying to force individual stands to move 
to a specific condition described in growth and yield 
tables, silviculturists would attempt to move toward 
a prescribed envelope of possible future conditions. 
Giving up specific predictability of a particular fu-
ture stand condition may seem a step backward in 
efforts to manage forests on a scientific basis. For 
example, many forest owners demand precise predic-
tions of future condition so that they can calculate 
how much timber can be extracted in a sustainable 
way and assess financial yield. While science has 
greatly increased foresters’ understanding of forest 
dynamics and conditions that lead to regeneration 
failure, repeated assessments of the impacts of dis-
turbances on harvesting levels have shown that ac-
curate prediction is not possible. Research on how to 
prepare envelopes of potential future conditions for 
a variety of landscape and ownership objectives may 
be necessary. In letting go of predictability, managers 
may actually gain a lot of flexibility and save time 
and effort from combating the natural forces acting 
in each and every stand, and across the landscape 
as a whole. Resilience theory suggests that forest 
managers must be prepared to be flexible if the short 
term catastrophic industry collapses associated with 
overly rigid management practices of the past are to 
be avoided (Holling and Meffe 1996).
To account for the lack of certainty, forest man-
agers need new tools that permit the integration of 
the spatial and temporal ranges of variation of forest 
ecosystems. The goals for forest production must be 
flexible and adapt to events and to the response of 
ecosystems. The spatial and temporal limits that are 
imposed by human management need to be recon-
sidered to improve flexibility and allow management 
to operate at many levels (Drever et al. 2006). This 
range of variation is an aspect of the resilience of 
the system. Managing for system resilience means 
recognising that ecosystems are in non-equilibrium, 
and changes in ecological processes at one level can 
affect processes at other levels in non-predictable 
ways.
It is possible to analyse a forest ecosystem to es-
timate the probability at which it would be expected 
to remain near a single steady or cyclic state follow-
ing perturbations of different types and severities. 
Measuring system shifts from one state to another 
indicates the amount of change or disruption that 
is required to transform a system from being main-
tained by one set of mutually reinforcing processes 
and structures to a different set of processes and 
structures. Searching for a single steady or cyclic 
state focuses on efficiency, control, and predictabil-
ity – all core attributes for fail-safe design and op-
timal performance. Searching for the threshold of a 
particular state focuses on persistence, adaptability, 
variability, and unpredictability – attributes that are 
at the heart of understanding sustainability.
The value of managing forests as complex adap-
tive systems will increase in anticipation of expected 
changes in social and environmental conditions. 
Complex refers to the diversity of forest systems 
with a multitude of interconnected elements. Adap-
tive refers to the capacity for forests to change and in-
corporate information and learning from the change 
experience. A potential benefit of this management 
approach is a higher likelihood that forests are able 
to respond to a variety of changes.
22.3.2 Risk Assessment and 
Risk Management
While forest management has always been a complex 
undertaking embedded in both biophysical and so-
cial systems that are only partly understood (Haynes 
et al. 2005), the rapidity of change and complexity 
of emerging new drivers of change bring new chal-
lenges. Previous sections in this chapter highlight 
the importance of considering the non-linear and 
non-equilibrium nature of ecosystem dynamics (Kay 
2000), which are amplified by the effects of human 
activity. This recent knowledge of ecosystem dynam-
ics presents a paradoxical challenge for sustainable 
forest management. Although the aim is to “meet 
the needs of the present without compromising the 
ability of future generations to meet their own needs,” 
the ability to forecast future changes and impacts (on 
both the landscape and future generations) is chal-
lenged by the intrinsic unpredictable nature of eco-
systems and our limited scientific knowledge base, 
as well as the longer-term time frames over which 
forest ecosystems function relative to other industrial 
sectors (Hoogstra and Schanz 2007). Over time, and 
through adaptive management, the knowledge base 
about the potential short-term and long-term impacts 
on both the landscape and socio-economic conditions 
is growing, and the need to make informed decisions 
is increasing with the complexity of emerging forest 
issues. Practitioners of sustainable forest manage-
ment (SFM) need guidance for applying the best data 
and knowledge available to deal with uncertainty and 
unpredictability.
A formal practice of risk assessment and risk 
management may provide such guidance. Formal 
risk management frameworks are commonly used 
to support decisions in many areas of society, such 
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as engineering, transportation, economics, and the 
insurance industry. Some aspects of risk analyses are 
common in many areas of environmental science and 
ecology (e.g., studying the effects of a toxin on a par-
ticular species in a defined habitat) (EPA 2000). The 
broader concepts of “risk management” and “risk 
assessment” have yet to find widespread formal 
adoption in SFM and ecosystem-based management 
(EBM) decision-making frameworks. Risk analysis 
and management applied at the whole-system scale 
deals with near- and long-term sustainability plan-
ning, and examines the risks to ecosystem structures 
and processes. For example, a risk assessment might 
analyse projected socio-economic costs and benefits 
to a particular management plan and its effect on the 
overall ecosystem integrity of a region.
The intrinsic uncertainty and unpredictability of 
ecosystem processes poses a significant challenge 
to the utility of a quantitatively rigorous risk-based 
approach, in the context of SFM/EBM. As Kay 
(2000) emphasises, it is equally important to consider 
what we do not know about a particular ecosystem 
as compared to what we do know, and to make all 
uncertainties explicit. Although the scientific data 
and knowledge-base have grown significantly in the 
past several decades, coverage and representation are 
limited relative to the spatial and temporal scales over 
which ecosystems have evolved and operate. It is 
also now recognised that ecosystem processes exhibit 
higher degrees of stochastic behaviour, in particular 
along key pathways in forest succession models (e.g., 
such as that described by Holling 2004). These as-
pects require more complex mathematical modelling. 
Control of key risk factors may not be possible, and 
additional factors beyond the basic elements con-
cerned with predictive capacity and confidence may 
need to be considered.
Early definitions of “risk” (R) involved estimat-
ing the probability or frequency (f) of a particular 
event occurring, combined with an assessment of 
the human exposure and consequences (c) of the 
event (R = ƒ(f,c)). In recent years, debates about 
the fundamental definition of risk have resulted in 
the addition of a more qualitative third term, “risk 
perception” (p) to the definition ((R = ƒ(f,c,p)). For 
example, we can quantify the risk involved in gam-
bling to win or lose USD 1000. For a gambler who 
has thousands of dollars, then neither outcome is a 
major risk (loss or gain); but a gambler who has only 
USD 1000 is risking everything and the stakes are 
much higher. The decision, therefore, depends highly 
on these qualitative aspects of relative circumstance. 
Applying this formulation to an SFM/EBM scenario, 
it may be possible to estimate the risk of habitat loss 
for a critical species under a particular forest harvest 
scenario (see Figure 22.6, components A–D). In this 
case, a trade-off analysis may be conducted to deter-
mine the locations where the maximum economic 
value (A) may be attained at the lowest risk to the 
particular species habitat (B). In reality, however, 
on a broader ecosystem scale, there are many more 
factors operating that need to be taken into account. 
Climate change or natural disturbances (e.g., fire 
or insect) will also affect both species habitat and 
timber yield estimates (C), and there may be un-
known external factors (D) that affect the system in 
uncertain ways.
A risk-based approach for SFM/EBM may pro-
vide a robust means for stakeholders to think “criti-
cally” about preferences and alternatives, to promote 
transparency of the decision-making process, and to 
openly make explicit the uncertainties involved in 
particular courses of action. A number of key chal-
lenges remain in developing a risk-based approach 
that is scientifically robust, yet can also accommo-
date different stakeholder values and perceptions, in-
cluding the communication and translation of model 
outputs into forms of information that are meaningful 
to stakeholders. These include the following:
◆ SFM/EBM is a highly public-oriented process in-
volving the participation of multiple stakeholders 
with different areas of expertise, risk perception, 
and values with respect to priorities and alterna-
tives. A robust, yet reflexive risk-based approach 
may serve as a means for mediating stakeholder 
perspectives and values if they are adequately cap-
tured in stakeholders’ own terms and translated for 
incorporation in further analysis and modelling of 
scenarios.
◆ Where possible, risk estimations, analyses, and 
models should be explicitly “geospatial,” enabling 
adequate characterisation of the inter-dependen-
Figure 22.6. hypothetical risk modelling scenario 
considering an anthropogenic activity such as a 
particular forest management plan (A) and its 
estimated effect on a biospheric component (B) 
(e.g., a particular species habitat). A third factor 
(c) may be known, but lack of data or knowledge 
about its effect on both A and B introduces un-
certainty. Factor d is an external unknown factor. 
(developed by Brian Eddy).
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cies of ecosystem components over multiple tem-
poral and spatial scales. Therefore, they require 
the development of a comprehensive and multi-
thematic geospatial information base for a region, 
along with a flexible and diverse suite of analysis 
and modelling tools that are appropriate for par-
ticular SFM/EBM decision-making contexts.
◆ Risk models will typically focus on projected 
losses and gains associated with both competing 
and complementary stakeholder values under dif-
ferent scenarios. This represents an essential step 
in the mediation and accommodation of stake-
holders’ preferences. Whether such models and 
scenarios are quantitative or qualitative, it is also 
necessary that they are communicated effectively 
to stakeholders. This will often require translating 
science-based information into alternative forms 
of information that are meaningful to stakehold-
ers, while simultaneously allowing feedback for 
iterating alternative scenarios.
◆ Risk frameworks must also consider practical 
policy and management tools to ensure that there 
are instruments for implementation and ongoing, 
long-term monitoring. These include making use 
of existing laws, policies, or programs, and where 
there are deficiencies, a sufficient governance 
capacity to develop new implementation mecha-
nisms as required. The geospatial information 
base and analytical models may be used to con-
tinually monitor progress and iterate the process 
as needed.
22.3.3 Climate Change
The forest landscape response to climate change is a 
multiscale complex process, making accurate predic-
tions for future response difficult (Xu et al. 2009). 
Forested landscapes can be expected to exhibit some 
dramatic changes in the decades and centuries to 
come. The key climate change impacts on forest 
ecosystems are an increase in rate and intensity of 
forest disturbances (Hogg and Bernier 2005). Ex-
pansions and contractions in the ranges of many 
plant, animal, and pathogen species are expected 
as a direct result of shifts in climate, although the 
lag in biotic community adaptation could be great 
(Peterson et al. 2002, Wilson et al. 2005). We can 
count on invasive species being more problematic 
as a result of anthropogenic disturbance, climatic 
warming, and more globalised trade (Bright 1999, 
Dukes and Mooney 1999). In general, future climates 
will support greater forest productivity (Melillo et 
al. 1993), but reduced productivity in portions of the 
globe where water becomes limiting (Boisvenue and 
Running 2006). The potential for increased biomass 
production must also be offset against increased lev-
els of natural disturbance (wildfires, insect outbreaks, 
wind storms) expected in many parts of the world 
(Dale et al. 2001, Volney and Hirsch 2005). Collec-
tively, these biophysical impacts will likely result 
in further land use changes, shifts in community 
priorities, and increase or decrease in local/regional 
economic activity. These shifting values are often 
not reflected in the values and priorities expressed 
by local stakeholders in land use planning and forest 
management, as there tends to be an inherent inertia 
(conservatism, slowness to react, perhaps especially 
in rural areas) on the part of the general public as the 
world changes around them (Williamson et al. 2005). 
Protected areas, resource emphasis zones, biological 
legacies in managed landscapes, and locally adapted 
(fine-tuned) management practices may no longer 
be able to protect and sustain the values they were 
designed to conserve. Examples of climate change 
impacts throwing land management plans awry are 
accumulating at a growing rate: apparent desertifi-
cation in the Sahel region of Africa (Mortimore and 
Adams 2001), prolonged drought and extreme bush 
fires in Australia (Campbell 2008), and an unprec-
edented outbreak of the indigenous mountain pine 
beetle in British Columbia, Canada (Safranyik and 
Wilson 2006).
These consequences of climate change affect 
how we manage our resources. Conservation plan-
ners and forest managers, for example, must take 
proactive measures to adapt to and mitigate potential 
climate change impacts on their respective resources 
(Pyke and Fischer 2005, Spittlehouse 2005). The 
current ecological paradigm places static bound-
aries (e.g., a cutblock, planning unit, or land use 
zone) on an inherently dynamic system; as plant, 
animal, and pathogen species migrate in response 
to climate change, this paradigm’s flaw becomes ap-
parent. Parks and protected areas, for example, are 
unlikely to maintain their conservation objectives as 
climate-driven changes reassemble and re-organise 
ecosystems (Bartlein et al. 1997, Leemans and Eick-
hout 2004).
The classical ecological paradigm is based on 
the assumption that ecosystems have recognisable 
boundaries, and that they follow a linear progression 
to a stable or climax state. In contrast, the non-equi-
librium paradigm recognises that ecosystems can be 
open and heterogeneous, spatially and temporally 
variable, with many contingent pathways of succes-
sion and alternative stable states, and that their inter-
action on the landscape influences the mechanics of 
other ecosystems (Hannah and Salm 2005, Walling-
ton et al. 2005). Recognising the temporal and spatial 
dynamics of ecological systems is fundamental to the 
successful integration of a non-equilibrium approach 
to conservation and sustainable resource manage-
ment (Stuffling and Stocks 2002, Scott and Lemeiux 
2005). More effective, holistic, and systems-based 
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management can be achieved by closing the gap that 
exists between current landscape management poli-
cies and emerging scientific perspectives (Scott and 
Lemeiux 2005, Wallington et al. 2005). The devel-
opment of dynamic protected area networks is an 
example of innovation and progress at the landscape 
or regional level. By tracking the temporal and spatial 
dynamics of a network, managers can more easily 
ensure that suitable habitat for the widest possible 
array of target organisms, and biodiversity in general, 
is continuously available (Rayfield et al. 2008).
Possible solutions for coping with emerging 
shifts in climate (but also shifts in the milieu of in-
vasive pests and diseases, social values, global mar-
kets, etc.) all depend on timely information being 
made available to decision-makers and the public 
so that the appropriate investments in “resistance,” 
“resilience,” and “response” (Millar et al. 2007) 
can be made. This means reliable and ongoing data 
on trends in weather (climate), hydrology (stream 
flows and water quality), productivity of timber and 
non-timber resources, species range shifts, and the 
incursion of new invasive species. Successes and 
failures in ecosystem management need to be com-
municated rapidly and widely, including efforts to 
adapt to climatic shifts through facilitated migration, 
productivity enhancement, protected area manage-
ment, and ecosystem restoration. All such efforts are 
strongly dependent on computer resources based on 
efficient database management, geographic informa-
tion systems, and weather/climate interpolation tools 
(e.g., Wang et al. 2006) that can incorporate the best 
available projections of the future climate. Research 
and teaching institutions, oversight agencies and 
management arms of government, as well as forest 
managers and the consultants that do much of the 
strategic and operational planning for forest land-
scape management, will all have to invest in more 
monitoring and capacity building. Long-term plans 
will still be needed, but refinements to include new 
“pulse taking” and “best available projections” will 
have to be incorporated with increasing frequency 
if sustainable landscape management is expected to 
keep up with climate change.
A consensus seems to be emerging that when 
accurate and timely environmental information is 
available, and when the public is well-educated and 
engaged, then constructive and pro-active manage-
ment actions can be undertaken to promote landscape 
health, sustainability, and resilience in the face of 
an uncertain future (Noss 2001, Millar et al. 2007, 
Campbell 2008). Ecosystem management principles, 
such as the avoidance of forest fragmentation, the 
maintenance or emulation of natural disturbance re-
gimes, the protection of representative areas of pri-
mary forest, and the practice of low-intensity forestry 
become even more important under climate change 
in order to maintain biodiversity and management 
options for the future. Other measures include the 
protection of diverse gene pools, greater emphasis 
on landscape buffers and connectivity, careful zon-
ing of land uses or resource management emphasis, 
and the designation of parks or reserves over large 
areas and preferably over environmental gradients. 
Direct intervention – in terms of the facilitated mi-
gration of species or climatic races of desired plants, 
timely control of exotic and invasive species, and the 
deployment of multiple approaches (active adaptive 
management) to resource management activities – is 
also an important option for promoting system resil-
ience in many parts of the world. As in other sectors 
that deal with risk on a regular basis, the way forward 
can be navigated with greater confidence when land-
scape managers have reliable information and stay 
alert to emerging issues, hold a diverse portfolio, 
employ a wide range of practices, and maintain flex-
ibility in their objectives, timelines, and priorities.
22.3.4 Empowered Participatory 
Governance
Earlier in this chapter, the importance of social capi-
tal in mobilising other landscape assets was high-
lighted. Well developed social assets also facilitate 
self-organisation and adaptation to change. With 
respect to communities, empowered participatory 
governance is a key concept for land use planning 
and asset utilisation. Fung and Wright (2003) and 
Escobar (2005) emphasise the need for enabling 
conditions and identify the following principles for 
successful management of territories, landscapes, 
and their systems: practical orientation, bottom-up 
participation, and deliberative generation of solu-
tions. Box 22.1 provides additional details about the 
examples provided in this section, while Box 22.2 
describes a government experience with public par-
ticipation.
Organisations that are working with communities 
to develop assets are usually driven by concrete con-
cerns related to practical problems, such as encourag-
ing actors who are used to competing for power and 
resources to co-operate and foster more congenial 
relationships. The pilot forestry plan for the ejidos 
(the people who work and manage communal farm-
land expropriated from large private landowners), 
who did not have the right to use the wood in their 
territories in Quintana Roo, Mexico (Bray 1993), 
is a typical example. In another example from Ho-
jancha, Costa Rica, the community was facing soil 
degradation as a result of water scarcity (Salazar et 
al. 2007, Serrano et al. 2008). This water problem, 
coupled with migration, resulted in a nearly 50% 
reduction of the population within 10 years. In El 
Petén, Guatemala, community concerns focused on 
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poverty, deforestation, and illegal logging (Actores 
Sector Forestal de Petén 2007).
Bottom-up participation is the process whereby 
the search for new channels and approaches for 
community management of natural resources is 
performed by those who are the most directly af-
fected by the problems, and who can apply their 
inventive capacity to the formulation of solutions. 
For example, the forest ejidos of Quintana Roo, the 
Community Concessions of El Petén, and the Hojan-
cha community, developed their own management 
structures, primarily controlled by members of the 
community. Essentially self-motivated, they tried 
to solve concrete problems similar to those men-
tioned above. Bottom-up participation allows local 
people to arrive at realistic solutions that empower 
the community. External participation is increasingly 
becoming limited to more passive and task-specific 
activities, which are submitted to the scrutiny of the 
grassroots community organisation and made to fol-
low the preferences indicated by the community in 
accordance with their culture and traditions.
Deliberative generation of solutions occurs when 
participants listen to each other and use these posi-
tions to inform group decisions. Participants search 
for solutions acceptable to the group that can be 
translated into collective action, not necessarily those 
that can be totally endorsed or appear to be most 
advantageous. Building a sense of solidarity by try-
ing to see things from another’s perspective is a goal 
of this process and is demonstrated in the approach 
taken by the examples from Mexico, Guatemala, and 
Costa Rica. Each example describes a specific de-
fined and regulated discussion mechanism. These ex-
amples also demonstrate that including women, and 
acknowledging their common rights over resources 
and their roles on directive boards or special action 
groups responsible for concrete tasks and specific 
production, can greatly increase participation.
The characteristic elements of design for partici-
patory governance include the following: devolution, 
centralised supervision and coordination, and state-
centred and non-voluntaristic governance.
Devolution occurs when the state gives control 
and accountability to communities and local organi-
sations. Grassroots organisations can have substan-
tial public authority when they become responsible 
for the fulfilment of laws. In El Petén, communities 
have enjoyed control over the management of their 
forest for 25 years. In Quintana Roo, communities 
have established organisations that make decisions 
over the resources that belong to them. In Hojancha, 
the community has created a series of specialised 
organisations whose purpose is to make decisions 
regarding sectoral issues. In addition, local repre-
sentatives of the community now hold key positions 
in national institutes and agencies in order to serve 
the community directly. In Honduras, a community 
forestry project became the foundation for the devel-
opment of a broad social forestry movement in areas 
Photo 22.2 Partners in the waswanipi cree Model Forest Project (northern Québec, canada) discussing 
the implications of management options during a scenario planning session.
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Ronnie De Camino, Carolina Baker and Leonardo 
Espinoza
The Case of Hojancha County in Costa Rica
This case study demonstrates how enabling condi-
tion and balance of power can be achieved by exten-
sion of the carrying capacity through better use of 
capital planning. Hojancha is a community of im-
migrants. From 1950–1970, it was mainly devoted 
to cattle. In the mid-1970s, meat prices collapsed 
and increased deforestation for pasture “dried” the 
Nosara River, a water supply for the community. 
As a result of this land and aquifer degradation, 
more than 50% of the population migrated within 
a two-year period. A local leadership development 
exercise led to many positive changes in the com-
munity. For example, the community created the 
Monte Alto Reserve. After 15 years of restoring 
degraded areas, water returned to the community. 
Reforestation from the ’80s now enables some small 
sawmills to operate and sell timber, furniture and 
tree seeds, providing important sources of income 
for the Cantonal Agricultural Centre. The school 
of Hojancha integrates secondary education with 
specialised training in agriculture, forestry, agro-
forestry, and ecotourism. The coffee cooperative in 
the county has a trust fund and a program to support 
fellowships for higher education for youth.
The Petén community concessions
in Guatemala
In the early ’90s, the tropical forests of the Petén 
region in Guatemala were under concession con-
tracts to some 15 private forest companies. These 
companies did not do a good job of managing 
forests and did not bother to maintain the integ-
Box 22.1 Enabling condition and power balance: case studies from guatemala, costa Rica 
and honduras
rity of state-contracted forest land. Deforestation 
and forest fires caused heavy losses of timber and 
increased the illegal occupation of territories. In 
the mid-1990s, the National Commission of Pro-
tected Areas of Guatemala (CONAP), with support 
from international cooperation, created the Maya 
Biosphere Reserve. It includes concession areas, 
national parks, and buffer zones. Following its cre-
ation, forest concessions for timber production were 
granted mostly to communities and to a couple of 
private companies, provided that they would certify 
their forest management operations according to 
international standards of sustainability. Today, 13 
community concessions and two industrial conces-
sions are internationally certified, producing timber 
and non-timber forest products. Private companies 
and communities have taken different approaches 
to forest management. The community organisa-
tions have matured, been consolidated, and have 
even replaced non-governmental organisations in 
providing technical and market services to their 
members. Every year, large areas of forest in the 
core areas of national parks and buffer zones of the 
Biosphere Reserve are burned. The significantly 
lower incidence of fire in the concession areas is 
attributed to the community sense of ownership 
for their forests and the stewardship activities they 
practise. Improvement in capital has definitely in-
creased capacity in the Petén.
Community forestry in Yuscarán county,
Honduras
This case study shows that a change of perspective 
can be sufficient to transform a serious problem 
into a great opportunity. Fourteen years experience 
working with communities of “forest dwellers” in 
Honduras showed that saving the forest required a 
owned by the state and municipalities.
Fung and Wright (2003) suggest that centralised 
supervision and coordination is neither about demo-
cratic centralism nor about absolute decentralisation, 
since both are considered to be unrealisable. Rather, 
it is about developing new forms of coordinated de-
centralisation. It assumes that organisations and their 
actions enjoy a substantial degree of power and dis-
cretion, but not as autonomous entities, fragmented 
in their decision-making. Accountability and com-
munication bring local units together with subordi-
nate institutions. In El Petén, Guatemala, while the 
National Commission of Protected Areas of Guate-
mala (CONAP) is responsible for transferring access 
and control, the community is also self-accountable 
and duly monitored with regard to compliance with 
the terms of the contract. There is an important in-
teraction in Quintana Roo with state authorities, spe-
cifically with the governor’s office, as well as with 
the Secretary of Agriculture and Water Resources. 
Finally, in Costa Rica, the community enjoys the 
support of several non-government organisations 
who are responsible for different aspects, but who 
also work in close contact with the authorities in the 
Ministry for the Environment who are responsible 
for the conservation area of Guanacaste.
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shift from a reductionist approach that targets only 
traditional forest management toward comprehen-
sive development of forest and nearby communi-
ties. The tragedy of rural inhabitants in the tropics 
is the almost total dependence on natural resources, 
which are under increased and accelerated degra-
dation partly as a result of involuntary actions of 
the inhabitants. In Honduras, more than half of the 
population that is below the poverty line lives in 
public forests and communal lands. Every year, the 
state spends tremendous resources in an unproduc-
tive effort to control illegal logging and forest fires, 
the combined actions of which decimate this vital 
resource every year.
In 1994, GTZ, the German international coop-
eration enterprise for sustainable development, at 
the request of the Government of Honduras, along 
with the Honduran Forest Development Corpora-
tion (COHDEFOR), initiated a project to try to re-
solve these problems. A participatory analysis of 
the situation identified that if the management of the 
forest, including all benefits and obligations, was 
transferred to communities of “forest dwellers,” it 
would be possible to solve the problems of forest 
conservation and poverty simultaneously. The task 
of transforming subsistence farming communities 
into small forest entrepreneurs needed to demon-
strate the technical feasibility of the solution to the 
forestry authorities and to the farmers. The experi-
ence started with participatory rural appraisals in 
five communities of Yuscarán County, Honduras. 
The diagnosis revealed extreme poverty with high 
levels of malnutrition and the continued presence 
of bronchopulmonary and gastrointestinal diseases. 
In addition, it noted that people were psychologi-
cally affected by chronic neglect and absence of 
hope for change or improvement. People readily 
participated in a series of workshops taking advan-
tage of the opportunity to raise their self-esteem 
through dialogues and role-playing games. Families 
began enriching their home gardens with annual and 
perennial crops, and fruit and forest trees of high 
commercial value, to configure a highly diversified 
and utilitarian agroforestry system. This production 
unit was called an Integrated Agroforestry Unit.
An analysis of the area of influence of commu-
nities was carried out on roughly 3000 ha of pub-
licly owned pine forest, where there were no tenure 
conflicts. The community prepared an integrated 
management plan covering wood-productive forest 
areas, protected areas, and areas for water recharge, 
wildlife management, agricultural production, rec-
reation, housing, etc. The plan, including the right 
to manage the area under a usufruct agreement for 
40 years, was presented to COHDEFOR. Under the 
motto “You shall never solve a problem of the com-
munity,” every circumstance was used as a pretext 
to train the community (men and women of all ages) 
in various forms of analysis and troubleshooting, 
to enable them to learn to find solutions. In this 
way, Integral Agroforestry Farms, Integrated Forest 
Management, and Integral Human Development 
became the three pillars of what evolved into Com-
munity Forestry (CF). This process resulted in the 
following achievements in Yuscarán:
Economic Impacts
◆ Forestry operations generated 80 new permanent 
jobs with revenues of nearly USD 9000/year.
◆ Integrated farms generated USD 1000/year.
◆ Forty-three to 46% of household incomes came 
from implementation of the Community Forestry 
Strategy.
◆ The average annual income of participating fam-
ilies (USD 26 000) was higher than the average 
annual income of the county (USD 20 000).
Ecological Impacts
◆ The area affected by fire was reduced to less than 
1% in forests throughout the municipality.
◆ Annually, more than 150 people were involved 
in protection (50% was voluntary activity).
◆ Farmers abandoned slashing and burning, and 
slowed down the advance incursion of agricul-
ture into forests.
◆ Agrochemical use was reduced.
Social Impacts
◆ The Guadalupe Cooperative increased its mem-
bership from 80 to 140 partners (20% wom-
en).
◆ Women achieved important positions in the 
board of the Cooperative, Honduran Federation 
of Cooperatives, the Honduran Institute of Co-
operatives, and the Council of Organisations and 
Indigenous Agroforestry (CICAFOC).
◆ Participating communities were better able to 
manage land use conflicts.
◆ There was evidence of a mindset shift to proac-
tive lobbying (high degree of appropriation).
◆ Community organisations were more effective, 
with a greater degree of perseverance, coopera-
tion, and integration.
◆ The participation of women in family and com-
munity life, and forestry and agriculture signifi-
cantly improved, including significant changes 
in self-esteem.
Once the experience of Yuscarán was validated, in 
March 2003, it was also institutionalised in AFE-
COHDEFOR as the Community Forestry Strategy 
for the country by an institutional resolution. The 
experience was replicated with 40 communities in 
the municipality of Gualaco in an area with 40 000 
ha of National Forests.
424
22 MANAGING FORESTED LANDSCAPES FOR SOCIO-ECOLOGICAL RESILIENCE
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
22 MANAGING FORESTED LANDSCAPES FOR SOCIO-ECOLOGICAL RESILIENCE
State power is colonised, and formal governance 
institutions are transformed in a state-centered and 
non-voluntaristic design. Organisations try to influ-
ence decisions made by the State through external 
pressure. The idea is that in future, as a result of 
this pressure, the State begins to replicate the three 
principles and the design elements mentioned above. 
For example, the use of an advanced forest fertiliser 
system in Costa Rica, introduced to benefit commu-
nities, was first started in the county of Hojancha, 
and its application is now expanding into the entire 
country. The same is true of the ejidos in Mexico. 
Application was initiated in Quintana Roo, and then 
it was applied in the ejidos of the Mayan zone. Posi-
tive outcomes led to applying this same or a similar 
solution in other ejidos. In Guatemala, communities 
even began to bring the State into compliance with 
community concession contracts and questioned 
the government’s decision to declare a mega-park 
in the areas granted as concessions. In Honduras, 
after the experience in Yuscarán regarding commu-
nity forestry, which involved the transfer of a mere 
3000 ha of pine forest, 27 000 ha were transferred 
to the communities in the municipality of Gualaco, 
Olancho. These examples illustrate how communi-
ties have put pressure on the government to go along 
with compromises.
In addition to the principles and design charac-
teristics indicated above, several enabling conditions 
are necessary in order to successfully implement em-
powered participatory governance and to achieve a 
balance of power between the parties participating 
in the process. This balance of power is achieved 
through literacy and capacity building, discouraging 
any potential for domination, through an obligation 
to consult before taking decisions, and by allow-
ing for the possibility for forestry authorities to be 
questioned. In Hojancha, the community has taken 
over the institutions and intensively trained their 
technical support, administration, and other profes-
sional staff. In Guatemala, the communities have 
organisations within their network, such as the Pe-
tén forestry communities’ associations (ACOFOP), 
which challenge the state or private interests when a 
situation of conflict arises. In Mexico, the ejidos act 
independently, but form part of civil society groups. 
This mechanism protects communities from poten-
tially unlimited power that might be inflicted upon 
them by external actors.
The three cases described in Box 22.1 (Hojan-
cha, El-Petén, and Yuscarán communities), share 
several common aspects. They have followed the 
livelihoods approach, considering the five capitals 
of the territories. They have also intuitively followed 
the Empowered Participatory Governance Strategy, 
which includes the following elements: a) practical 
orientation from the perspective of the local people, 
b) bottom-up participation, c) deliberative generation 
of solutions, d) devolution (of access to land and 
other resources), e) decentralisation, with clear re-
sponsibilities at the local level, f) colonisation of the 
State by the community, transforming the national 
natural resources agenda into implementation of a 
local agenda for using natural resources guided by 
the ecological integrity of the area.
22.4 Opportunities for 
Adaptive Learning
22.4.1 Adaptive and Collaborative 
Management of Ecosystem Services 
in Latin America
Holling (1973) proposed adaptive management as 
a flexible and responsive means to deal with uncer-
tainty and unpredictability. Adaptive collaborative 
management occurs when interested persons (often 
communities) agree to collaboratively plan, observe, 
and learn from the implementation of their plans 
(Prabhu et al. 2002). The assumptions associated 
with adaptive collaborative management are that 
both ecological and social systems are complex and 
adaptive, that surprise is inevitable, and that accu-
rate prediction is not possible. This suggests that a 
process to deal with conservation and development 
cannot be formulated through central planning agen-
cies (Prabhu et al. 2002). Rather, this process needs 
to be cultivated through the development of capacity 
in communities.
The Centro Agronómico Tropical de Investi-
gación y Enseñanza (CATIE) is a regional scientific 
center dedicated to management of natural resources, 
sustainable rural development, and poverty reduc-
tion in tropical America. It has promoted and studied 
various approaches for management of ecosystem 
services in Latin America, particularly model forests, 
biological corridors, and watersheds (Barriga et al. 
2007). Using these three types of landscape arrange-
ments, CATIE has developed and tested adaptive col-
laborative landscape management as a community 
approach to improve the provision of ecosystem 
services at a landscape scale through a process that 
takes into account the linkages between society, the 
environment, and the economy. The work also entails 
creating conditions for discussing topical regional 
issues, such as land tenure, human rights, equity, pol-
lution, water scarcity, vulnerability to natural disas-
ters, and measures for strengthening social capital. 
Experiences from 10 cases and 20 initiatives within 
five countries in Latin America have demonstrated 
that the success of the initiatives can be attributed to 
the following five basic characteristics: (i) effective 
governance, (ii) participatory planning, (iii) sustain-
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able financial mechanisms, (iv) adaptive management 
and learning, and (v) public-private sector alliances. 
All initiatives have similar governance architecture, 
with various platforms including those for strategic 
decisions, support, operations, or communities. Pre-
liminary evidence shows that these platforms serve to 
improve the interaction among government, society, 
and the private sector, and help to transform private 
interests into common objectives. The associated 
governance instruments include legal recognition, 
statutes and regulations, and co-management plans. 
In these plans, the process is more important than 
the product because it permits intense interaction of 
stakeholders. Finally, all cases include elements for 
financial institutional sustainability.
The general observation from these studies was 
that improvement in ecosystem service provision at 
the landscape level in Latin America begins with the 
promotion of a favourable environment for dialogue 
and negotiation among stakeholders. As discussed 
in Section 22.2, it was also observed in these case 
studies that preserving and improving natural capital 
(ecosystem services) requires work on human, so-
cial, and financial capital. Lessons learned from these 
case studies include the following basic actions that 
are required to maintain and improve each of these 
types of capital.
Actions related to human capital:
◆ Recognise and encourage member commitment.
◆ Engage resident, paid management personnel that 
are accountable to the group.
◆ Provide facilities to encourage full participation 
of all members in all activities and processes.
Actions related to social capital:
◆ Encourage group identity.
◆ Remember that the planning process is as impor-
tant as the plan.
◆ Network across sectors and activate multi-sectoral 
alliances.
◆ Build on existing experiences.
◆ Use the potential of the initiatives to link with 
public policies.
Actions related to financial capital:
◆ Diversify funding sources for fundamental, stra-
tegic activities.
◆ Protect the environment through payment of eco-
system services.
◆ Use micro-credits as a tool to develop sustainable 
production processes.
22.4.2 UNESCO Biosphere Reserves 
and Model Forests
Over the past three decades, scholars and practi-
tioners have shifted their understanding of how to 
“manage” landscapes for environmental protection 
and sustainability. First, there has been a rejection 
of the idea that people should be separated from 
protected areas and an acceptance that people must 
remain embedded within landscapes in order to pro-
tect both biological and cultural diversity (Berkes 
2004). Second, there has been a shift from expert-
based ecosystem management approaches towards 
participatory approaches that seek ways to include 
local knowledge, perspectives, and interests (Berkes 
2004). These processes require strong linkages and 
partnerships across spatial and temporal scales, 
successful exercises in trust-building, capacity-
building, and mutual learning, plus sufficient time 
and resources (Berkes 2007) and an appropriate 
distribution of authority across multiple institutions 
at different scales to sustain and improve conserva-
tion practices (Barrett 2001). Neither top-down nor 
bottom-up management processes are sufficient to 
achieve sustainability.
Biosphere Reserves
Biosphere reserves and model forests are two types of 
institutions being used in Canada to address ecosys-
tem management through participatory approaches 
that bridge temporal and spatial scales, and engage 
participants in research, demonstration, and learn-
ing opportunities that build trust and capacity for 
management. Both of these institutions are intended 
to serve as practical, flexible, and innovative mecha-
nisms for environmental governance through partner-
ships with a wide range of stakeholders who work 
collaboratively to define priorities, goals, and actions 
for sustainability. Despite their different origins and 
funding situations, both model forests and biosphere 
reserves have been promoted as exemplars by serv-
ing as hubs of learning for replication elsewhere in 
the country, and internationally as a means of coop-
eration with other countries (UNESCO 2000, 2008; 
Besseau et al. 2002). They also provide a concrete 
means of addressing international obligations, such 
as Agenda 21, the Convention on Biological Diver-
sity, and the Millennium Development Goals.
Both institutions have a significant history. Bio-
sphere reserves are geographic areas nominated by 
local people and recognised by the United Nations 
Education, Scientific, and Cultural Organisation 
(UNESCO) intended to demonstrate how people can 
live and work in harmony with the natural environ-
ment. Prior to designation, “local” representatives 
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On the social side of the new forest management 
approaches, there are two distinct components 
(Endter-Wada et al. 1998). One concerns consid-
ering humans as an integral part of ecosystems, 
which refers to both understanding how humans 
impact natural systems and how changes in natu-
ral systems impact humans (including community 
capacity to adapt and respond to these) (FEMAT 
1993). The other component concerns greater pub-
lic involvement in decision-making. Many of the 
new ecosystem-based approaches make participa-
tory processes a necessity (Yaffee 1996, Cortner 
and Moote 1999). For example, systems thinking 
involves cross-jurisdictional problem solving and 
consideration of issues that cut across traditional 
interests and coalitions. It also requires multidis-
ciplinary interactions that breach norms about ap-
propriate expertise and information (e.g., traditional 
knowledge). Calls for forest management based on 
a wider range of social values – and thus based on 
public participation – go back to the environmental 
movement in the 1970s (Stefanick 2001). Public 
participation is also central to many of the out-
comes from the UNCED (UNEP1992). In Agenda 
21, local authorities are encouraged to engage in 
a dialogue with all stakeholders and to seek new 
participation processes that go beyond consulta-
tion and allow for cooperation. Four of the twelve 
Malawi Principles relate to public participation 
(CBD 2000).
Forest-related participatory processes
at a glance
A comprehensive review of forest-related involve-
ment mechanisms over the past 25 years in Québec, 
Canada, shows important changes in the number 
and ways of involving the public in forest man-
agement (Martineau-Delisle, in prep.). Consisting 
mainly of consultation mechanisms (e.g., public 
hearings) in the 1980s, participatory processes 
started to increase and diversify in the 1990s to 
literally explode by the turn of the century. The first 
decade into the new millennium is distinguished 
by the quantity of processes in place, the growing 
decentralisation of decision-making to local and 
regional entities and, above all, by the dominance 
of more deliberative forms of public participation 
(e.g., consultative committees), such as those in 
model forests and biosphere reserves.
Box 22.2 Public participation: Status and challenges in Quebec, canada
Potential contributions of participatory
processes
Deliberative processes are said to have many bene-
fits. A study involving co-ordinators from 113 Qué-
bec forest committees revealed numerous potential 
impacts from such processes (Martineau-Delisle, in 
prep.). Co-ordinators of forest committees identi-
fied ten potential impacts of the processes. The re-
sults present the percentage (%) of the respondents 
that have identified one or more of each impact type. 
Only the impacts mentioned by more than 20 % of 
the committee co-ordinators are presented.
◆ 65% – Development of collective capacity of 
participants (e.g., networking, collaboration, 
conflict resolution, consensus, etc.);
◆ 51% – Creation of a place for stakeholders to 
engage in and contribute to the management 
process;
◆ 49% – Achievement of results and greater ef-
fectiveness of the management process;
◆ 35% – Change in attitudes and behaviours (e.g., 
perception of others: trust and credibility);
◆ 36% – Direct power and influence on forest 
management-related decisions;
◆ 27% – Acquisition and exchange of information 
and knowledge by and between participants;
◆ 23% – Enhancement of communication among 
the stakeholders; and
◆ 21% – Opening up of the decision-making pro-
cess to new stakeholders and new values.
The false promises of participatory processes
Several major challenges associated with forest 
committees were identified in the study, based on 
gaps existing between potential outcomes and ob-
served achievements. The components of impacts 
mentioned by more than 10% of the 113 respon-
dents were isolated and expressed as a percentage. 
The following results represent the respondents that 
consider the elements to be challenges rather than 
achievements. Only challenges identified by more 
than 65% of the respondents are presented. The 
challenges relate to:
◆ 88% – Appropriateness of the information made 
available, given the varying levels of knowledge 
among participants (technical and scientific com-
plexity, and limited resources for interpretation 
made this a sensitive issue);
◆ 81% – Commitment and continued interest from 
participants (because of redundancy of initiatives 
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must demonstrate the ecological, cultural, and social 
significance of the area under consideration. The first 
biosphere reserves internationally were created under 
the UNESCO “Man and the Biosphere” program 
in 1976 – roughly the same time as Holling (1973) 
proposed ideas about resilience theory. As of Febru-
ary 2008, there were 531 biosphere reserves in 105 
countries. In Canada, there are 15 biosphere reserves, 
9 of which were designated in the 2000s.
Biosphere reserves are intended to demonstrate 
three functions: environmental protection; logistical 
provisioning for scientific research and education; 
and sustainable resource use. To do so, they contain 
three zones, much like those described in the triad 
system above: (1) a core that must be protected, typi-
cally by national legislation; (2) a buffer, where re-
search and recreation uses compatible with ecologi-
cal protection are allowed; and (3) a transition zone 
or “area of cooperation,” where sustainable resource 
use is practised. Thus, biosphere reserves retain some 
form of protected area at their core, but they must 
also incorporate adjacent areas and the inhabited sur-
rounding “working landscapes” to demonstrate how 
they integrate conservation with sustainable develop-
ment. Biosphere reserves are typically established on 
the basis of watersheds or other landscape-level fea-
or different levels of concern about the issues 
discussed);
◆ 78% – Resources at the disposal of participants 
to cover all costs of participation (which are un-
equal among participants);
◆ 76% – Availability of participants to meet regu-
larly and ensure process continuity (high member 
and staff turnover made this a sensitive issue);
◆ 75% – Establishment of a process allowing free 
expression and respect for all opinions and val-
ues;
◆ 73% – Capacity to influence decisions and apply 
actions;
◆ 73% – Conflict management and consensus 
building (i.e., achievement of consensus while 
respecting the interests of each party in the pres-
ence of diverging expectations and related incom-
patibilities);
◆ 65% – Funding and time allocated to the par-
ticipatory process (which, if not available, limit 
effectiveness and outcomes of the process).
Addressing the challenges
The study shows that the committees have little or 
no decision-making power, which makes it difficult 
to ensure that their recommendations are consid-
ered in decisions (Boon and Meilby 2000). In addi-
tion, with a few exceptions, forest committees are 
rarely involved beyond decision formulation, i.e., 
into the implementation and monitoring phases. 
Limited resources allocated to support partici-
pants’ involvement in these processes is also an 
issue (Parkins et al. 2006), as it is the case of other 
resources dedicated to the committees (informa-
tion, funding, time, etc.). Furthermore, some chal-
lenges are associated to the “collaborative side” of 
committees’ activities, such as consensus-building. 
These tendencies may have adversarial effects on 
processes’ effectiveness and recruitment. Consid-
ering that participants are mainly volunteers and 
that public participation mechanisms are increasing 
(coupled with overlap of issues and areas to which 
their mandate applies), this may lead to “participant 
burnout” and affect recruitment, which is already 
difficult. All of these challenges will have to be 
addressed if public participant processes are to be 
effective components of forest planning and man-
agement, and to fully contribute to sustainable for-
est management.
tures that extend beyond the administrative boundar-
ies of local human communities.
Biosphere reserves are areas of recognition, not 
regulation. Thus, once designated, biosphere reserves 
are subject to all legislation or regulations that exist 
or are introduced by municipal, provincial, or federal 
governments. UNESCO does not provide funding 
or any substantive “control” over how biosphere re-
serves operate. Until 2007, projects were funded on 
a project-by-project basis and through partnership 
arrangements with other organisations. Canada’s fed-
eral government has provided some term funding. It 
brings new opportunities and challenges to individual 
reserves, as well as tests their ability to collectively 
identify priorities and share the new-found wealth.
Model Forests
In 1992, the Government of Canada provided USD 
10 million to support multistakeholder partnerships, 
or model forests, to work on sustainable forest man-
agement at the landscape level. The intention was to 
link the principle of sustainable forest management, 
emphasised in Canada’s National Forest Strategy and 
the new Canada Forest Accord, to landscape-level 
428
22 MANAGING FORESTED LANDSCAPES FOR SOCIO-ECOLOGICAL RESILIENCE
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
22 MANAGING FORESTED LANDSCAPES FOR SOCIO-ECOLOGICAL RESILIENCE
implementation in various sites across the country’s 
diverse forested regions. Today, while there is no 
longer a dedicated program for funding them, there 
are 14 model forests in Canada and some of them 
receive federal government funding.
Also in 1992, Canada introduced the Model 
Forest Program to an international audience at the 
UNCED as one way to advance global priorities 
for sustainable forest management as articulated 
in the Forest Principles (UNEP 1992), and pledged 
resources to start an international network. In 2009, 
there were 57 model forests operating in 23 coun-
tries. Model forests include partners from several 
different perspectives and sectors. While the model 
forest itself has no legal jurisdiction over land man-
agement decisions, its partners include participants 
who do have the ability to make decisions about 
the forest at various levels. Model forests were in-
tended to be experimental sites for sustainable forest 
management, not only in the science and practice of 
managing forest landscapes, but also in multistake-
holder governance.
Areas of Convergence: Linking People 
with Ecosystems
Biosphere reserves and model forests have shared 
and distinctive insights to bring to the issue of “sys-
tems” management, although they were born out of 
slightly different motivations. Biosphere reserves 
were created out of a concern to protect biological 
diversity and ecosystem processes through scientific 
research and the application of its results. Promot-
ers of biosphere reserves were typically natural sci-
entists, and some government representatives, who 
believed that modern science would help local people 
establish rational methods of resource use that would 
help them conserve the world’s biodiversity. Over the 
years, the connection between protecting ecosystems 
and protecting livelihoods became stronger. By the 
mid-1990s, UNESCO suggested that biosphere re-
serves should help people who live and work within 
them by demonstrating how to attain a sustainable 
future. While the natural sciences were prominent 
in biosphere reserves in early years, contemporary 
research in biosphere reserves places greater empha-
sis on socio-ecological systems. Biosphere reserves 
attempt to demonstrate innovations in environmental 
governance that can help to meet international obli-
gations. With their history of linking protected areas 
with human activities, they are well-positioned to 
serve as experiments in environmental governance, 
community-based conservation, sustainable develop-
ment, resilience, and adaptation.
Model forests were initiated as models for work-
ing landscapes, primarily to encourage sustainable 
resource use (Sinclair and Smith 1999), with protec-
tion of ecological diversity as a secondary feature. 
According to the 1991 call for proposals, model for-
ests should “include the delivery of wood products,” 
and “support or be capable of supporting a range 
of ‘best management practices’ through appropriate 
silviculture,” along with other management concepts 
relating to good internal governance, management 
of multiple forest values, and multi-disciplinary re-
search (Forestry Canada 1991).
In Canada, both biosphere reserves and model 
forests are now viewed as “living laboratories” for 
learning how to practice sustainability with a “sys-
tems perspective” at a landscape scale (e.g., Brunck-
horst 2001; LaPierre 2002; UNESCO 2000, 2008; 
Ishwaran et al. 2008). They both offer researchers 
opportunities to link theory and practice on complex 
drivers of change and stressors on ecological and 
social systems, as well as strategies for resilience 
and adaptation. The results of this research can also 
contribute to advancing the goals and objectives of 
the Millennium Ecosystem Assessment and the re-
lated discourse on sustainable development.
Areas of Convergence: Building Partnerships
Both model forests and biosphere reserves are en-
couraged to establish partnerships to achieve sustain-
ability objectives. Model forests have had an advan-
tage in this respect because initial funding spurred 
research on questions of sustainable development 
and encouraged people to approach forest resource 
issues from a broader spatial and temporal scale. 
Funding may also have kept people talking around 
the table when they may not have otherwise done so, 
and provided an incentive for groups who had previ-
ously been antagonistic to one another to co-operate 
and learn from each other. In the Western Newfound-
land Model Forest, for example, funding directed 
towards research on the endangered Newfoundland 
Pine Marten (Martes americana atrata) brought 
together industry, government, conservation, and 
community groups to determine why marten popu-
lations were declining and what could be done to 
reverse the trend. Although there were some heated 
debates, the Model Forest helped to build trust and 
social capital through the research it catalysed. In the 
longer term, this experience opened up opportunities 
for groups to collaborate on other projects that go 
beyond the model forest program. Another example 
of collaborative learning is the current project of 
the Canadian Model Forest Network and their part-
ners, to develop a guidebook to assist communities 
in developing pathways to climate resilience. The 
guidebook proposes the following steps for com-
munities: i) preparing members of the community; 
ii) documenting local climate observations; iii) map-
ping impacts and opportunities; iv) assessing risks 
22 MANAGING FORESTED LANDSCAPES FOR SOCIO-ECOLOGICAL RESILIENCE
429
22 MANAGING FORESTED LANDSCAPES FOR SOCIO-ECOLOGICAL RESILIENCE
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
and potential actions to increase resilience; and, v) 
prioritising and taking actions (Pearce 2009).
Many biosphere reserves have been challenged 
to establish strong partnerships because they are not 
well-supported financially or logistically by their lo-
cal or national governments. For example, Canadian 
biosphere reserves have generally relied on consid-
erable volunteer labour to advance their interests, 
making their ability to complete projects and reach 
out to other groups a slow, sometimes halting, pro-
cess. In general, the success of biosphere reserves in 
meeting their mandate is predicated on the initiative 
and skills of a small number of people who often 
spend years dedicated to demonstrating the links 
between environmental protection and sustainable 
development.
Consequently, biosphere reserves have had mixed 
success with networking across regions. Some have 
been very successful in identifying regional-scale 
projects, and securing financial and in-kind sup-
port from the private sector, public sector, and other 
community groups to engage in projects in which 
networking forms a major part. For other biosphere 
reserves, the lack of direct funding has hampered 
their ability to initiate projects and reach out to 
other groups. Local volunteers have laboured on 
fairly small-scale projects, exhausted their personal 
resources, and have not recruited new volunteers to 
renew their efforts. Funding frequently came in the 
form of support for specific projects, often requiring 
the initiative of local scientists. These circumstances 
made biosphere reserves locations for research rather 
than partners in identifying research priorities. Nev-
ertheless, some important research projects, such as 
understanding ecological recovery following the ice 
storm in the region surrounding Montreal in 1998, 
have been conducted. The Biosphere Sustainability 
Project at the University of Waterloo is a current 
study addressing the interrelated concepts of resil-
ience analysis, sustainability assessment, and social 
innovation generation (University of Waterloo 2010). 
In addition, joint projects, such as the recently initi-
ated Environmental Governance for Sustainability 
and Resilience: Innovations in Canadian Biosphere 
Reserves and Model Forests, are facilitating conver-
gence of these two institutions to enrich learning 
experiences.
Areas of Convergence: Engagement
Both model forests and biosphere reserves are ar-
eas of “recognition” rather than “regulation.” Their 
presence does not alter the configuration of laws, 
policies, or property rights over landscapes. Both, 
however, have provided opportunities for engage-
ment of local people in environmental issues, net-
working with other groups and agencies on common 
agendas, providing demonstration areas for specific 
kinds of research or development priorities, and serv-
ing an honest broker function to advance specific 
initiatives.
Both also face a range of challenges, including 
broadening the base of participation at the local and 
regional levels, and broadening the scope of interest. 
Broadening the scope of interest also broadens the 
necessary source of expertise: it requires interdisci-
plinary work, access to multiple kinds of knowledge 
(including sometimes traditional ecological knowl-
edge), and public participation. These challenges 
have been quite significant for biosphere reserves 
because they have operated with very little funding 
and thus have typically attracted the large-hearted 
with small pockets. These challenges also require 
exercises in trust-building. Experience across all 
model forests and biosphere reserves suggests that 
gaining legitimacy as an honest broker takes consid-
erable time, particularly when drawing on volunteer 
resources. Both have had uneven success in encour-
aging particular groups to participate. In some places, 
the representation of Aboriginal people, youth, and 
women has been a challenge.
Observations of the evolution of these institutions 
in Canada suggest that model forests and biosphere 
reserves have played significant roles in advancing 
understanding and application of sustainable de-
velopment. This has been achieved by: introducing 
systems level thinking; linking ecological, economic, 
social, and cultural systems; and engaging in endur-
ing partnerships and endeavours that extend beyond 
jurisdictional boundaries. This situation positions 
them well to advance understanding and applica-
tion of resilience theory as a means of addressing 
emerging drivers of change through collaborative 
adaptive management. There are three Canadian ex-
amples where model forests and biosphere reserves 
have overlapping boundaries, making it possible to 
observe further convergence of the two models and 
to learn from their experiences. These areas are lo-
cated on the west coast of the province of British 
Columbia (Clayquot Sound), in the eastern part of 
the province on Ontario ( Frontenac Arch / Eastern 
Ontario Model Forest), and in the western portion 
of the province of Nova Scotia (Southwest Nova /
Nova Forest Alliance).
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22.5 Summary
Highlights of the substantial advances in forest policy 
and the associated knowledge that has been used to 
inform development of management plans and prac-
tices are summarised in Section 22.1 of this chapter. 
The accumulated knowledge, based on research, ob-
servations, and learning arising from adaptive man-
agement and case studies, such as those from the 
Americas and Europe presented in this chapter, point 
towards a developing consensus that long-term sus-
tainability of forest resources requires a multi-level 
(spatial and temporal) collaborative approach where 
management units are viewed as eco-sociological 
systems. Such a conceptual framework for manage-
ment of natural resources recognises the complexity 
of forest systems (ecological, economic, and social), 
their hierarchical structures, the interactions and 
energy flows between these hierarchies, and their 
capacity for self-organisation.
Trying to predict and control outputs in systems 
where the dynamics are not well known has always 
been a challenge of forest management. This goal is 
further complicated by the complexity of interactions 
at multiple levels. Identification of the vital system 
attributes and the development of an understanding 
of the underlying processes, weak links, and criti-
cal limits of these processes is a starting point for 
addressing this challenge by using systems think-
ing to improve forest resilience. The case studies 
from Bosque Seco Chiquitano and the Lübeck forest 
highlighted the importance of understanding the link-
ages between ecological structures and processes, 
and the associated and economic values and benefits 
for social systems. In both cases, it was demonstrated 
that management guided by principles of ecological 
integrity provided greater economic benefits than a 
management plan based on objectives for improved 
efficiency.
Scientists play a key role in collecting, compiling, 
and synthesising all types of information on system 
attributes and processes. This information is shared 
with all stakeholders, who contribute additional 
insights to the analysis of the future forest condi-
tion, the associated services and benefits, and what 
actions need to be taken to facilitate maintenance 
or evolution of the system in the desired direction. 
In applying principles of resilience management, 
the expectation for science to provide solutions is 
replaced by a collaborative approach to addressing 
issues and a convergence in the roles and working 
relationships between scientists, managers, and 
policy-makers. Scientists are called upon to provide 
expert opinion, but have additional roles in facilitat-
ing knowledge transfer, sharing information about 
options and trade-offs, and developing mechanisms 
by which science can be made accessible in ways 
that are useful to all.
Scenarios of possible future outcomes and les-
sons learned from previous experiences serve as 
inputs to collective decision-making. Landscape 
modelling is one tool that has greatly improved ca-
pacity to visualise future forest scenarios. Its capacity 
to quantify change and change dynamics provides 
a means to use science as guidance for policy and 
land and resource management. Models still require 
inputs of empirical data, and developing these data 
layers can be time consuming and require consider-
able effort (Section 22.3). Additional work is needed 
to improve methods for testing landscape models, to 
evaluate uncertainty, to develop robust means for all 
stakeholders to understand and think critically about 
preferences and alternatives, to promote transpar-
ency of the decision-making process, and to openly 
make explicit the uncertainties involved in particular 
courses of action (Section 22.3.2).
Adaptive management is an important aspect of 
managing for resilience because it provides a flex-
ible and responsive means to deal with uncertainty 
and unpredictability whereby policies are viewed as 
experiments from which learning can be advanced. 
Adaptive collaborative management is a process that 
allows all persons and organisations with interests in 
the landscape to contribute points of view, to partici-
pate, and to agree to collaboratively plan, observe, 
and learn from the implementation of their plans. 
Concepts for collaborative management (Sections 
22.4.1 and 22.4.2) have stimulated ideas about new 
institutional arrangements required to facilitate in-
tegration of information across disciplines, temporal 
and spatial scales, and administrative boundaries. 
The development of human and social capital to 
facilitate full and effective public participation is 
a stepping-stone towards empowered participatory 
governance. The ejidos in Quintana Roo, incorpo-
rating indigenous values, ecological integrity, eco-
nomic efficiency, and democracy, were able to take 
responsibility and became stewards of their lands, 
reversing deforestation trends and diversifying their 
economy. This example, along with the other case 
studies from Latin America (Section 22.3.4, Box 
22.1), demonstrates the potential for communities 
to promote awareness, to self-organise, and  to de-
velop and enforce rules to make community use of 
shared forest assets sustainable. These case studies 
show that social coordination and governance can be 
achieved with minimal external resources. Resource 
inputs should focus on gaining understanding about 
the dynamics of local systems and on developing 
community capacity in order to allow local knowl-
edge to be used for creative development and imple-
mentation of place-based governance to deliver local 
benefits. Finally, it can be observed that the first step 
toward improvement in ecosystem service provision 
at the landscape level begins with the promotion of a 
favourable environment for dialogue and negotiation 
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among local stakeholders.
In the face of global change, it will become more 
difficult to rely on the past as a template for the fu-
ture. As the rate of change accelerates, management 
actions will gain importance as a means to maintain 
landscape resilience and a supply of forest goods and 
services. Complex systems theory can serve as guid-
ance to develop new management practices that will 
allow the forest to adapt and be resilient. A systems 
framework describes a way of seeing and thinking 
about forests and systems. Applying systems think-
ing to forest management requires some changes in 
basic approaches to conventional practices. It differs 
from the traditional reductionist approach to manage-
ment by taking into account the lack of certainty and 
integrating the spatial and temporal range of varia-
tion within forest ecosystems. In order to do this, 
the spatial and temporal limits that are imposed by 
human management need to be reconsidered in order 
to improve flexibility and allow management that 
operates at many levels. For example, objectives for 
increased growth would be refocused on those that fa-
vour resilience and allow the forest to adapt to events 
and to system responses. Maintaining levels of native 
biodiversity can contribute to balancing ecosystem 
processes in the face of change. The challenge will 
be in learning how to facilitate the ability of natural 
forest systems to self-organise, adapt and evolve, and 
to guide them towards a desired appropriate state.
Systems thinking requires trans-disciplinary ap-
proaches to solving problems. Integration will be 
a key activity: integration of science and policy, 
integration of environment and the economy, in-
tegration of biodiversity conservation and climate 
change adaptation activities, integration of science 
and traditional and local knowledge, integration of 
costs and benefits, and integration of sectoral and 
jurisdictional activities. Forest and land management 
policies will require revision in order to consider un-
certainty principles and changing forest conditions. 
Partnerships will become the foundation for collab-
orative governance where actions are implemented 
through adaptive management based on associated 
knowledge generation and learning. Engagement, 
capacity building, and participation of all actors on 
the landscape as critical components for collaborative 
visioning, planning, and managing future options, 
will gain importance as standard operating proce-
dure. Existing models, such as biosphere reserves 
and model forests (Sections 22.4.1 and 22.4.2) that 
have already contributed to improved understanding 
of forest management issues and played key roles 
in establishing participatory decision-making ap-
proaches. Such organizations are well positioned to 
assist in testing and applying these new concepts to 
incorporate adaptive learning and management in 
dealing with uncertainty and change in order to create 
opportunity for development driven by innovation.
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AnnEX 22.1 The Forest Principles: non-legally binding authoritative 
statement of principles for a global consensus on the manage-
ment, conservation, and sustainable development of all types of 
forests (unEP 1992)
PRINCIPLES/ELEMENTS
1. (a) States have, in accordance with the Charter of the United Nations 
and the principles of international law, the sovereign right to exploit their 
own resources pursuant to their own environmental policies and have the 
responsibility to ensure that activities within their jurisdiction or control 
do not cause damage to the environment of other States or of areas beyond 
the limits of national jurisdiction.
 (b) The agreed full incremental cost of achieving benefits associated with 
forest conservation and sustainable development requires increased inter-
national cooperation and should be equitably shared by the international 
community.
2. (a) States have the sovereign and inalienable right to utilise, manage, and 
develop their forests in accordance with their development needs and level 
of socio-economic development and on the basis of national policies consis-
tent with sustainable development and legislation, including the conversion 
of such areas for other uses within the overall socio-economic development 
plan and based on rational land-use policies.
 (b) Forest resources and forest lands should be sustainably managed to meet 
the social, economic, ecological, cultural and spiritual needs of present and 
future generations. These needs are for forest products and services, such 
as wood and wood products, water, food, fodder, medicine, fuel, shelter, 
employment, recreation, habitats for wildlife, landscape diversity, carbon 
sinks and reservoirs, and for other forest products. Appropriate measures 
should be taken to protect forests against harmful effects of pollution, in-
cluding air-borne pollution, fires, pests and diseases, in order to maintain 
their full multiple value.
 (c) The provision of timely, reliable and accurate information on forests 
and forest ecosystems is essential for public understanding and informed 
decision-making and should be ensured.
 (d) Governments should promote and provide opportunities for the partici-
pation of interested parties, including local communities and indigenous 
people, industries, labour, non-governmental organisations and individu-
als, forest dwellers and women, in the development, implementation and 
planning of national forest policies.
3. (a) National policies and strategies should provide a framework for in-
creased efforts, including the development and strengthening of institu-
tions and programmes for the management, conservation and sustainable 
development of forests and forest lands.
 (b) International institutional arrangements, building on those organisa-
tions and mechanisms already in existence, as appropriate, should facilitate 
international cooperation in the field of forests.
 (c) All aspects of environmental protection and social and economic de-
velopment as they relate to forests and forest lands should be integrated 
and comprehensive.
4. The vital role of all types of forests in maintaining the ecological processes 
and balance at the local, national, regional and global levels through, inter 
alia, their role in protecting fragile ecosystems, watersheds and freshwater 
resources and as rich storehouses of biodiversity and biological resources 
and sources of genetic material for biotechnology products, as well as 
photosynthesis, should be recognized.
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5. (a) National forest policies should recognise and duly support the iden-
tity, culture and the rights of indigenous people, their communities and 
other communities and forest dwellers. Appropriate conditions should be 
promoted for these groups to enable them to have an economic stake in 
forest use, perform economic activities, and achieve and maintain cultural 
identity and social organization, as well as adequate levels of livelihood 
and well-being, through, inter alia, those land tenure arrangements which 
serve as incentives for the sustainable management of forests.
 (b) The full participation of women in all aspects of the management, 
conservation and sustainable development of forests should be actively 
promoted.
6. (a) All types of forests play an important role in meeting energy require-
ments through the provision of a renewable source of bio-energy, particu-
larly in developing countries, and the demands for fuelwood for household 
and industrial needs should be met through sustainable forest management, 
afforestation and reforestation. To this end, the potential contribution of 
plantations of both indigenous and introduced species for the provision of 
both fuel and industrial wood should be recognized.
 (b) National policies and programmes should take into account the re-
lationship, where it exists, between the conservation, management and 
sustainable development of forests and all aspects related to the production, 
consumption, recycling and/or final disposal of forest products.
 (c) Decisions taken on the management, conservation and sustainable de-
velopment of forest resources should benefit, to the extent practicable, 
from a comprehensive assessment of economic and non-economic values 
of forest goods and services and of the environmental costs and benefits. 
The development and improvement of methodologies for such evaluations 
should be promoted.
 (d) The role of planted forests and permanent agricultural crops as sustain-
able and environmentally sound sources of renewable energy and industrial 
raw material should be recognized, enhanced and promoted. Their contri-
bution to the maintenance of ecological processes, to offsetting pressure 
on primary/old-growth forest and to providing regional employment and 
development with the adequate involvement of local inhabitants should 
be recognized and enhanced.
 (e) Natural forests also constitute a source of goods and services, and their 
conservation, sustainable management and use should be promoted.
7. (a) Efforts should be made to promote a supportive international economic 
climate conducive to sustained and environmentally sound development of 
forests in all countries, which include, inter alia, the promotion of sustain-
able patterns of production and consumption, the eradication of poverty 
and the promotion of food security.
 (b) Specific financial resources should be provided to developing countries 
with significant forest areas which establish programmes for the conser-
vation of forests including protected natural forest areas. These resources 
should be directed notably to economic sectors which would stimulate 
economic and social substitution activities.
8. (a) Efforts should be undertaken towards the greening of the world. All 
countries, notably developed countries, should take positive and transpar-
ent action towards reforestation, afforestation and forest conservation, as 
appropriate.
 (b) Efforts to maintain and increase forest cover and forest productivity 
should be undertaken in ecologically, economically and socially sound ways 
through the rehabilitation, reforestation and re-establishment of trees and 
forests on unproductive, degraded and deforested lands, as well as through 
the management of existing forest resources.
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 (c) The implementation of national policies and programmes aimed at for-
est management, conservation and sustainable development, particularly 
in developing countries, should be supported by international financial 
and technical cooperation, including through the private sector, where 
appropriate.
 (d) Sustainable forest management and use should be carried out in ac-
cordance with national development policies and priorities and on the basis 
of environmentally sound national guidelines. In the formulation of such 
guidelines, account should be taken, as appropriate and if applicable, of 
relevant internationally agreed methodologies and criteria.
 (e) Forest management should be integrated with management of adjacent 
areas so as to maintain ecological balance and sustainable productivity.
 (f) National policies and/or legislation aimed at management, conservation 
and sustainable development of forests should include the protection of 
ecologically viable representative or unique examples of forests, includ-
ing primary/old-growth forests, cultural, spiritual, historical, religious and 
other unique and valued forests of national importance.
 (g) Access to biological resources, including genetic material, shall be with 
due regard to the sovereign rights of the countries where the forests are lo-
cated and to the sharing on mutually agreed terms of technology and profits 
from biotechnology products that are derived from these resources.
 (h) National policies should ensure that environmental impact assessments 
should be carried out where actions are likely to have significant adverse 
impacts on important forest resources, and where such actions are subject 
to a decision of a competent national authority.
9. (a) The efforts of developing countries to strengthen the management, 
conservation and sustainable development of their forest resources should 
be supported by the international community, taking into account the impor-
tance of redressing external indebtedness, particularly where aggravated by 
the net transfer of resources to developed countries, as well as the problem 
of achieving at least the replacement value of forests through improved 
market access for forest products, especially processed products. In this 
respect, special attention should also be given to the countries undergoing 
the process of transition to market economies.
 (b) The problems that hinder efforts to attain the conservation and sus-
tainable use of forest resources and that stem from the lack of alternative 
options available to local communities, in particular the urban poor and 
poor rural populations who are economically and socially dependent on 
forests and forest resources, should be addressed by Governments and the 
international community.
 (c) National policy formulation with respect to all types of forests should 
take account of the pressures and demands imposed on forest ecosystems 
and resources from influencing factors outside the forest sector, and in-
tersectoral means of dealing with these pressures and demands should be 
sought.
10. New and additional financial resources should be provided to developing 
countries to enable them to sustainably manage, conserve and develop 
their forest resources, including through afforestation, reforestation and 
combating deforestation and forest and land degradation.
11. In order to enable, in particular, developing countries to enhance their 
endogenous capacity and to better manage, conserve and develop their 
forest resources, the access to and transfer of environmentally sound tech-
nologies and corresponding know-how on favourable terms, including on 
concessional and preferential terms, as mutually agreed, in accordance with 
the relevant provisions of Agenda 21, should be promoted, facilitated and 
financed, as appropriate.
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12. (a) Scientific research, forest inventories and assessments carried out by 
national institutions which take into account, where relevant, biological, 
physical, social and economic variables, as well as technological devel-
opment and its application in the field of sustainable forest management, 
conservation and development, should be strengthened through effective 
modalities, including international cooperation. In this context, attention 
should also be given to research and development of sustainably harvested 
non-wood products.
 (b) National and, where appropriate, regional and international institutional 
capabilities in education, training, science, technology, economics, anthro-
pology and social aspects of forests and forest management are essential 
to the conservation and sustainable development of forests and should be 
strengthened.
 (c) International exchange of information on the results of forest and forest 
management research and development should be enhanced and broad-
ened, as appropriate, making full use of education and training institutions, 
including those in the private sector.
 (d) Appropriate indigenous capacity and local knowledge regarding the 
conservation and sustainable development of forests should, through institu-
tional and financial support and in collaboration with the people in the local 
communities concerned, be recognized, respected, recorded, developed and, 
as appropriate, introduced in the implementation of programmes. Benefits 
arising from the utilization of indigenous knowledge should therefore be 
equitably shared with such people.
13. (a) Trade in forest products should be based on non-discriminatory and 
multilaterally agreed rules and procedures consistent with international 
trade law and practices. In this context, open and free international trade 
in forest products should be facilitated.
 (b) Reduction or removal of tariff barriers and impediments to the pro-
vision of better market access and better prices for higher value-added 
forest products and their local processing should be encouraged to enable 
producer countries to better conserve and manage their renewable forest 
resources.
 (c) Incorporation of environmental costs and benefits into market forces 
and mechanisms, in order to achieve forest conservation and sustainable 
development, should be encouraged both domestically and internation-
ally.
 (d) Forest conservation and sustainable development policies should be 
integrated with economic, trade and other relevant policies.
 (e) Fiscal, trade, industrial, transportation, and other policies and practices 
that may lead to forest degradation should be avoided. Adequate policies, 
aimed at management, conservation, and sustainable development of for-
ests, including, where appropriate, incentives, should be encouraged.
14. Unilateral measures, incompatible with international obligations or agree-
ments, to restrict and/or ban international trade in timber or other forest 
products should be removed or avoided, in order to attain long-term sus-
tainable forest management.
15. Pollutants, particularly air-borne pollutants, including those responsible 
for acidic deposition, that are harmful to the health of forest ecosystems 
at the local, national, regional, and global levels should be controlled.
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of domestic and local responses to assess the role of innovative regional and global 
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MANAgeMeNt OptIONs, pOlICIes ANd INstItutIONAl 
 ArrANgeMeNts tO Address New ChAlleNges
23.1 Introduction
One of the most important and pressing questions 
facing our planet in the global era is to better under-
stand how institutions encourage, shape, or debili-
tate the promotion of publicly important values and 
goals. What types of institutional configurations hold 
the most promise in fostering efforts for long-term 
amelioration of enduring environmental, social, and 
economic challenges? Answers to these questions are 
critical for the global forestry sector because it faces 
an increasing number of new challenges, highlighted 
by the complex role of forests in emitting and se-
questering carbon and the increasingly fragile, yet 
critical, role that natural forest ecosystems play in a 
healthy water cycle. At the same time, long-standing 
challenges are becoming more acute – including the 
critical needs to address the interaction of poverty 
alleviation and sustainable forest management, and 
the increasing number of threatened and endangered 
species that rely on forest ecosystems and habitats 
for their survival. The drivers of these problems, in-
cluding global consumption patterns, expansion of 
the agricultural frontier, and illegal logging, have 
resulted in countervailing pressures on natural forests 
as sites for commercial activity and natural ecosys-
tems. The global nature of these economic, social, 
and environmental demands on the world’s forests, 
and complex commercial trade relationships, requires 
that we integrate analyses of domestic and local re-
sponses to assess the role of innovative regional and 
global institutions designed to address these “good 
governance” challenges (Mayers et al. 2002, Cashore 
2009a, World Resources Institute 2009).
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The purpose of this chapter is to review select 
research findings and analyses that shed light on what 
appears to be the most promising institutional set-
tings with which to address these drivers, ameliorate 
problems, and encourage responsible and sustainable 
forest management around the globe. We do not aim 
to provide definitive answers, nor to cover the full 
range of forest-related institutions beyond the scope 
of a single chapter, but rather to assess the implica-
tions of relevant cases for focusing on the next gen-
eration of scholarly and practitioner efforts.
We conduct this review in the following analyti-
cal steps. Following this introduction, Section 23.2 
presents a conceptual framework with which to guide 
our review of international, domestic, and local in-
stitutions whose authority, deliberations, and policy 
choices are shaped by a range of government and 
non-governmental forest stakeholders. Drawing on 
these tools, Sections 23.3 and 23.4 begin with those 
international, domestic, and local institutions that 
rely, ultimately, on nation-states (governments) for 
their authority. Section 23.5 then reviews the emer-
gence of non-state mechanisms, including forest cer-
tification and corporate social responsibility efforts 
that have emerged to address global forest degrada-
tion. Section 23.6 focuses on financial and human 
“capacity-enhancing” institutions that are critical for 
developing the training, knowledge, expertise, and 
resources for translating policy into practice.
Drawing on the analytical framework and se-
lect discussion of institutions as described above, 
as well as from the literature on policy “baskets” 
(Gunningham and Young 1997, Gunningham et 
al. 1998), we conclude by reviewing how policies 
governing forestry challenges often emerge across a 
range of institutions and, given this, reflect on what 
intersections appear most important for nurturing 
institutions that can respond and adapt to accelerating 
and new challenges. Such an approach, we argue, 
is key for avoiding negative or unintentional policy 
impacts while nurturing not only the development 
and adaptation of policies, but also corresponding 
practices to which they are directed. Such an ap-
proach focuses our attention on the roadblocks, but 
also on the opportunities, for successful implementa-
tion of policies.
23.2 Conceptual Framework
Conducting this review requires attention to four key 
concepts. First, we need to understand the broader 
context in which a focus on government has given 
way to governance institutions. Second, and relat-
ed, we need to understand how institutions have, or 
might earn, authority to govern. Third, we need to 
disentangle the different levels of “policy” that al-
low us to distinguish the emphasis and approach of 
the institutions we review below. Fourth, we need 
to expand a political science/policy studies focus on 
governance institutions to include a focus on knowl-
edge-generating and administrative (bureaucratic) in-
stitutions that interact with, and must provide critical 
resources to, the communities whose forestry-related 
challenges they seek to address.
23.2.1 Government to Governance 
Institutions
Until the 1990s, policy scientists placed much of 
their attention on the institutions of government; i.e., 
scholars were curious about the processes through 
which sovereign states developed domestic policies 
or agreed to support international institutions. Recog-
nition since this time that such steering is not always 
derived solely from state-directed government ef-
forts has led scholars to expand their focus to include 
“governance” institutions in general. The origins of 
these changes are owed to many factors, including 
the emergence of multi-stakeholder policy networks 
(Rhodes 1997), transnational coalitions (Keck and 
Sikkink 1998, Knill and Lehmkuhl 2002), public-
private partnerships (Börzel and Risse 2005), the 
emergence of “new public management” approaches 
in which private actors are often engaged to imple-
ment public policy objectives (Salaman 2002), and 
developing country-focused transnational private 
conservation networks (Balboa 2009), all of which 
sit alongside traditional “government” institutions 
(Glück et al. 2005). Accordingly, we adopt Young et 
al.’s (2008) definition of institutions, which allows us 
to capture state, public-private, and non-state efforts 
as a “…cluster of rights, rules, and decision-making 
procedures that gives rise to a social practice, assigns 
roles to participants in the practice, and guides inter-
actions among occupants of these roles.”
23.2.2 Authority and Legitimacy
The ability of institutions to adapt to challenges re-
quires that they have, or earn, authority to govern. 
This requires attention to understanding whether, and 
how, relevant organisations, including governments, 
stakeholders, and societal interests, support, and 
agree to abide by, the “rights, rules, and practices” 
of the institution(s) in question. This is important 
because it is never the case that all stakeholders will 
agree to all policy decisions made by a governance 
institution; but for institutions to be effective, those 
they seek to govern and assign roles must respond 
to, and be directed by, their policy decisions.
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What then are the processes through which in-
stitutions are supported by a wide “political com-
munity” (Bodansky 1999) of stakeholders and citi-
zens? March and Olsen (1995) identify two distinct 
pathways: through a “logic of appropriateness” that 
stands in contrast to a “logic of consequences”. The 
former occurs when culturally ingrained norms and 
values explain support and that almost always en-
tail a reflection on broader notions of community 
and citizenship.1) The latter captures “rational” “self 
interested” calculations of organisations and indi-
viduals that usually pertain to whether, and how, 
a particular policy decision might directly benefit 
individual or organisational strategic self interest 
(Ostrom 1990) and/or directly addresses a specific 
policy challenge at a given point in time (Bernstein 
and Cashore 2007). These pathways lead us to dis-
tinguish the role of institutions in allocating resource 
rights to identified communities, such as local de-
centralisation and tenure reform efforts, from their 
role in regulating or prescribing particular behaviours 
(such as environmental practices or policies govern-
ing forest harvesting).
23.2.3 Disentangling Policy
The third concept in the conceptual framework is to 
disentangle what is meant by “policy”. (Figure 23.1). 
This is important because, as the review below finds, 
some governance institutions, especially intergovern-
mental and corporate social responsibility efforts, 
identify relatively abstract environmental, economic, 
and social policy goals, but are either silent on, or do 
not require adherence to, more concrete objectives 
(such as maintaining “viability” of species popula-
tions) and specifications (such as the size of “no 
harvest” buffer zones near streams) (Cashore and 
Howlett 2007). In some instances, an abstract focus 
appears to limit the ability to govern or adapt ef-
fectively. However, in other cases, institutions that 
develop abstract goals may rely on, either explicitly 
or implicitly, more authoritative domestic institutions 
or private certification systems to develop, and ap-
ply, more precise policy requirements. In such cases, 
understanding the intersection of institutional con-
figurations is critical for assessing the potential of 
institutions to adapt.
POLICY CONTENT 
High level abstraction Programme level operationalization 
Specific “on the ground” 
measures 
Policy 
ends 
(aims) 
GOALS 
What general types of 
ideas governing 
policy development? 
 
(e.g. environmental 
protection vs. economic 
development) 
OBJECTIVES 
What does policy 
formally aim to 
address? 
 
(e.g. saving wilderness or 
species habitat, 
increasing harvesting 
levels to create 
processing jobs) 
 
SPECIFICATIONS 
What are the specific 
“on the ground” 
requirements of the 
policy? 
 
(e.g. specific size of 
riparian buffer zones, 
annual harvesting levels) 
FOCUS 
Policy 
means 
(tools) 
INSTRUMENT 
LOGIC 
What general norms 
guide policy 
implementation 
preferences? 
 
(e.g. coercive versus 
moral suasion, market 
mechanism) 
MECHANISMS 
What types of 
instruments are 
utilised? 
 
(e.g. the use of different 
tools such as tax 
incentives, loans, public 
enterprise cap and trade 
carbon markets, 
education, training,  
learning) 
 
CALIBRATIONS 
What are the specific 
ways in which the 
instrument is applied? 
 
(e.g. designations of who 
qualifies for tax incentives, 
cap and trade market 
construction, who gets 
trained?) 
Problem(s) policy was 
created to address 
 
(Ultimate measure of 
effectiveness) 
Behaviour 
Figure 23.1 policy taxonomies.
Sources: Cashore and Howlett 2007, Howlett and Cashore 2009.
1) The need to develop a norm of citizenship in which individu-
als and governments support governance institutions, is ex-
plicitly or implicitly mentioned by virtually every practitioner 
account of forest governance including Contreras-Hermosilla 
et al. (2008) who assert that the norm of “Respect of the law 
by governments, the private sector and the civil society” is a 
critical requirement of good governance.
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Institutions also nurture ideas about policy 
“means” or “instruments”. The same institutions 
that may only focus on abstract policy “ends” may 
be very powerful in championing norms that influ-
ence the logic of instrument choice towards “mar-
ket-friendly” efforts over “command and control” 
regulatory requirements. This logic, as our review 
of recent intergovernmental processes shows, may 
exert a normative pull on states. States may observe 
the norms and principles expressed in such “soft law” 
(abstract and/or non-binding policy) which, Szasz 
(1992) argues, may have “a predictive value similar 
to those norms expressed in hard [binding] law.” For 
example, the norm of “neo-liberalism” holds that the 
common collective good is best realised when indi-
viduals compete in the marketplace. Neo-liberalism 
favours certain policy responses and interests over 
others, promoting the international liberalisation of 
trade and financial markets (Bernstein 2002). As a 
result, it eschews mandatory measures, such as inter-
national legislation or regulation by the state, favour-
ing private sector responses; market-based instru-
ment mechanisms, such as eco-labelling; voluntary 
commitments; and corporate codes of conduct (Mac-
Ewan 1999, Giroux 2004, Harvey 2005, Humphreys 
2006a). Recognition of this focuses our attention on 
the ability of wide-ranging mechanisms, including 
those that create direct incentives to improve man-
aging for ecosystems, such as direct payments for 
ecosystem services (PES) that are consistent with 
neo-liberal norms.
Likewise, norms governing instrument logic can 
affect specific instrument “calibrations,” such as de-
cisions about whether to apply significant penalties, 
the amount of resources spent on field monitoring, 
and the degree of discretion in enforcing written 
policy specifications. Recognition of these differ-
ent levels is critical for our concluding analysis that 
reflects on what appear to be the most interesting 
“mixes” of institutions and policy choices for achiev-
ing desired results.
23.2.4 Capacity-Enhancing Institutions
Our conceptual framework expands a focus on gov-
ernance institutions to include those that generate 
the knowledge, research, training, and learning at the 
“local level” that create an enabling environment for 
achieving on-the-ground behaviours that governance 
institutions seek to promote and the problems they 
seek to ameliorate. Two critically important catego-
ries of institutions emerge from this exercise. The 
first focuses on the role of educational, training, re-
search, and extension institutions whose interactions 
with stakeholders, communities, and practitioners 
create a learning and adaptive process critical for 
realising policy. The second focuses on the ability 
of administrative institutions (government agencies) 
to foster efforts that are efficient, effective, and sup-
ported by the communities whose environmental, 
social, and economic challenges they seek to address. 
Such a focus recognises the need for enhanced re-
search on the role that education, training, technical 
assistance, and research institutions play in providing 
foresters and scientists with the tools to manage for-
est problems and adapt to new challenges.
23.3 International and 
Intergovernmental 
governance Institutions
The conceptual tools introduced above allow us 
to analytically assess a select, but important, set 
of public and private governance institutions that 
have attempted to address accelerating and increas-
ing forestry challenges since the 1980s. In order 
to understand whether, and when, institutions may 
nurture norms and ideas; have, or earn, authority to 
enforce compliance to precise policy requirements; 
earn support from a range of stakeholders; and to 
reflect on whether “institutional intersection” might 
lead to adaptive capacities in ways a single institu-
tion could not; we apply our analytical lens across 
international, domestic, and local spheres. We be-
gin with traditional intergovernmental negotiations 
that have paid great attention to norms, such as the 
promotion of “sustainable forest management,” and 
“neo-liberalism,” but also increasingly the norm of 
community participation, especially with respect to 
indigenous and forest-dependent peoples.
An appreciation of the direction and focus of 
truncated efforts to build international forest insti-
tutions is critical for understanding, and places in 
context the range of institutional innovations and 
adaptations that have occurred through other global, 
regional, domestic, and local institutional reforms. 
The first recognition is that international institution-
building efforts reinforced the appropriateness of four 
sometimes countervailing goals: a neo-liberal agenda 
that promotes the liberalisation of global capital and 
trade; increasing focus on environmental regulations 
and standards in the face of scientific findings about 
accelerating environmental degradation; a strong 
orientation towards the goals of improving greater 
use rights and access to resources of indigenous and 
forest-dependent local communities; and related, ru-
ral development and poverty alleviation. Each goal 
finds a different emphasis across the institutions we 
review, which includes efforts to bring forests into an 
international climate regime institution, the promo-
tion of “good forest governance” through regional, 
domestic, and local initiatives that champion baseline 
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forest management on the one hand and community 
participation involvement on the other.
While international institutions have yet to 
significantly affect “on-the-ground” behaviour, in-
ternationally generated norms appear to have had 
some role in shaping problem definitions in other 
institutional arenas – particularly regional efforts to 
promote “good forest governance” – that often focus 
on market mechanisms, including “forest certifica-
tion,” timber legality, and reduced emissions from 
deforestation and degradation (REDD) proposals 
emanating from international climate talks. These 
climate and forests initiatives are being designed to 
provide concrete resources and incentives to devel-
oping the capacity of tropical country governments 
and managers to manage forests in ways that promote 
sequestration of carbon emissions. However, whether 
and how a climate regime can help forest managers 
adapt to these new challenges will depend, in part, 
on the interaction of neo-liberal norms, which may 
favour transnational firms, with the norms of indig-
enous community participation and poverty allevia-
tion in shaping the development of specific policy 
measures (Seymour 2008, Rights and Resources 
Initiative 2009).
We also find that some efforts to build institu-
tions are not focused so much on regulations or pre-
scriptions governing a specific ecological or social 
challenge, but instead on broader questions regard-
ing who gets access to, and benefits from, resource 
management. These “resource rights” efforts over 
forest tenure, reinforce our emphasis on whether 
and how arrangements earn support from an array 
of stakeholders and citizens that can contribute to, 
rather than detract from, efforts to provide “good 
forest governance,” which must tend as much to 
nurturing a “logic of appropriateness” as a “logic 
of consequences” (Cashore 2009a, 2009b).
Ever since the mid-1980s, when tropical forest 
destruction came onto the domestic policy agendas 
of developed countries, a range of domestic, inter-
national, and non governmental organisation (NGO) 
interests have sought to develop international institu-
tions with which to address global forest challenges 
and promote sustainable forest management (SFM). 
Concerted efforts of coalitions of environmental 
groups, governments, and industry members to pro-
mote global institutions that contain clear goals and 
objectives for forest use and conservation coalesced 
around building a binding global forest convention. 
Though a binding convention remains elusive, in-
ternational negotiation processes did generate new 
ideas about policy goals and instrument choices that 
appear to have had an important influence in shaping 
more focused efforts, such as “reduced emissions 
from deforestation and degradation” (REDD) and 
domestic initiatives to build “forest law enforcement 
and governance” (FLEG). They have also been very 
important in raising key goals, such as concerns 
about North-South equity, indigenous rights, and 
for emphasising a “three-legged-stool” approach to 
forest sustainability in which a balance or compro-
mise among environmental, social, and economic 
goals is required. Likewise, these initiatives seem 
to have shaped and built new international channels 
of communication and learning; but they, too, have 
yet to deliver concrete targets and timetables for re-
versing forest degradation and destruction. The rapid 
growth in the number of multi-lateral environmental 
agreements has scattered intergovernmental forest 
policy-making, resulting in a plethora of global, 
regional, and bi-lateral environmental and trade ne-
gotiations.
23.3.1 The International Tropical 
Timber Organisation
One of the first efforts to address global concerns 
about tropical deforestation and degradation, as well 
as poverty alleviation, was found in efforts to build, 
in 1985, the International Tropical Timber Organisa-
tion (ITTO) and its associated International Tropical 
Timber Agreement (ITTA). The ITTO came to em-
phasise neo-liberal norms of trade liberalisation as a 
means to alleviate poverty and promote sustainable 
development, but also incorporated the conservation 
of tropical forests into its legal organisational man-
date. Whether a forest agreement centered on trade 
is suited to address environmental threats to tropi-
cal forests has been subject to considerable debate 
(Dauvergne 1997, 2001). Some argue that such a 
focus was misdirected since, in the 1990s, tropical 
exports of roundwood were relatively limited (Bar-
bier et al. 1994).
On the other hand, since the 1980s, the institu-
tional framework of the ITTO was instrumental in 
developing sustained and careful attention to crite-
ria and indicator sets for sustainable forest manage-
ment. While these were designed to be non-binding, 
these processes have greatly informed more author-
itative policy responses through domestic policies 
and market-based certification efforts, encouraged 
learning across stakeholders and, perhaps, nudged 
internationally focused stakeholders towards some 
notion of a broader global community not reduc-
ible to individual organisational self-interest. In this 
regard, the ITTO has been at the forefront of hu-
man capital development, conducting research and 
disseminating knowledge on such topics as value 
chains, forest growth and development, and forest 
enterprise development. The ITTO has also played 
a direct role through providing resources for policy 
implementation and training to students in develop-
ing countries.
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23.3.2 The Rio Earth Summit
In part owing to frustrations over the limited impact 
of the ITTO throughout the 1980s in developing clear 
and authoritative standards for reducing tropical for-
est degradation, many environmental groups, social 
activists, select governments, and forest industry as-
sociates began earnest efforts to develop just such a 
binding and authoritative effort at the global level. 
The first attempt to formalise such an approach was 
efforts at the 1992 United Nations Conference on 
Environment and Development (UNCED), com-
monly known as the Rio Earth Summit, to agree to 
sign a forest convention. In many ways, the 1992 
Earth Summit was a pivotal point in the history 
of global forest policy, when world attention was 
drawn beyond tropical forests to include forests in 
the Northern Hemisphere. More-developed countries 
came to Rio with a proposal to establish a global for-
est convention. Proponents of a legally binding forest 
convention argued that the world’s forests should 
be considered as a “global commons” (Porter and 
Brown 2000, Humphreys 2006a) in which all world 
citizens share an interest and no party could claim 
exclusive rights. At this stage, however, most devel-
oping countries, while interested in inter-governmen-
tal dialogue, were highly resistant to the proposed 
legally binding commitments.
Despite increased acknowledgement of forestry 
challenges in the North, many countries in the South 
saw this call for collective action as driven by North-
ern self-interest, since the majority of the world’s 
most species-rich and/or severely threatened forests 
are located in the tropics. Tropical developing coun-
tries, therefore, could expect to bear the brunt of the 
effort, and possibly the costs, of implementing any 
global forest agreement. Perhaps even more impor-
tant was the South’s historically rooted suspicion 
that multilateral environmental agreements were 
simply another ploy for asserting Northern control 
over Southern resources. These developments had 
the dual role of creating divisions surrounding the 
consequences of a convention, but also, perhaps 
more importantly, creating significant distrust and 
concerns about the appropriateness of the approach 
that was being proposed.
In particular, the Group of 77 Developing Coun-
tries (G77) felt that current efforts placed greater 
financial and regulatory burdens on them, while lim-
iting the costs to the wealthier consuming nations 
in the North. Hence, the G77 stated clearly that it 
could not agree to any binding forest conservation 
measures unless it received in return substantial 
economic concessions from the developed coun-
tries. The G77 called for a global forest fund and 
for technology transfer on preferential and conces-
sional terms to help developing countries achieve 
sustainable forest management. In particular, they 
introduced the powerful principle of “compensation 
for opportunity cost foregone” if they were to agree 
to conserve, either through protection or sustain-
able management, rather than convert forest land to 
other uses. However, reflecting what appear to be 
straightforward strategic interests, developed coun-
tries refused to meet the demands of the developing 
countries for financial and technological aid, and, 
as a result, convention efforts were derailed (Hum-
phreys 1996).
It is important to note that the inability to sign 
a binding forest convention meant a shift, rather 
than abandonment, of international efforts to shape 
policy responses. UNCED deliberations nurtured 
key global norms that negotiators hoped would help 
shape national forest programs and other initiatives 
in developing more specific and authoritative policy 
requirements. These efforts produced agreements on 
a non-legally binding “Statement of Principles for the 
Sustainable Management of Forests” (UN 1992) and 
Chapter 11 “Combating Deforestation” of Agenda 
21 (Porter and Brown 2000).
23.3.3 Intergovernmental Efforts 
Post-Rio: 1992–2000
Since 1992, there have been sustained efforts to keep 
the dialogue on a global forestry policy alive and to 
continue to champion the goals put forward at Rio. 
This dialogue has taken place within a succession of 
different institutional settings beginning in 1995 with 
the creation of the Intergovernmental Panel on For-
ests (IPF) under the auspices of the Commission on 
Sustainable Development. These efforts continued 
in 1997 as the Intergovernmental Forum on Forests 
(IFF) and resulted in the agreement of a set of over 
270 non-binding, and sometimes contradictory, “Pro-
posals for Action” to address global forest problems. 
Once again, the influence of these proposals is not in 
the creation of mandatory standards, but on whether, 
and how, they shaped other institutional processes.
Some of the IPF/IFF Proposals for Action have 
influenced other forest-focused institutions. They ap-
pear to have greatly strengthened the development of 
regional Criteria and Indicator processes involving 
consensus-based agreements on the essential com-
ponents of sustainable forest management, including 
greater attention to the participation of indigenous 
peoples and local communities, and poverty allevia-
tion. Hence, these efforts have played a clear role in 
uniting a range of stakeholders about what problems 
and actions were appropriate for inclusion under the 
abstract goal of “sustainable forest management.” 
Today, regional Criteria and Indicator processes 
cover almost every country in the world, and while 
they too are not legally binding, it seems fair to con-
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clude that they have played a role in shaping public 
policy regulations, including very specific require-
ments, around the world.
The IPF/IFF processes also catalysed the devel-
opment of national forest programmes (NFPs) and 
land use programs whereby individual countries es-
tablish their own objectives and policy specifications 
within their sovereign territories, but which appear 
greatly influenced by emerging international norms 
fostered by international institutions. For instance, 
the NFP concept developed by the IPF stressed that 
NFPs should be holistic, intersectoral, and iterative 
programs that recognise and respect the customary 
and traditional land rights of indigenous people, lo-
cal communities, and other actors. The NFP concept 
has become particularly well-established in Europe 
by the Ministerial Conference on the Protection of 
Forests in Europe (MCPFE), which is also the re-
gional leader in developing Pan-European Criteria 
and Indicators.
23.3.4 Intergovernmental Efforts 
Post-Rio: 2000–present
Despite, or perhaps because of, a growing consen-
sus among all parties that inadequate progress was 
being made, the United Nations Forum on Forests 
(UNFF) was created in 2000 as a higher level body 
to replace the IPF/IFF efforts. The UNFF reports 
directly to the United Nations Economic and So-
cial Council (ECOSOC). At the same time, a new 
Collaborative Partnership on Forests (CPF) was 
created, consisting of 14 major forest-related inter-
national organisations, institutions, and convention 
secretariats. The development of the UNFF and the 
CPF, which together are sometimes referred to as the 
“international arrangement on forests,” constitutes a 
more permanent, higher priority platform for global 
forestry negotiations.
Two key issues have permeated most delibera-
tions since 2000. First, developing countries continue 
to be frustrated by the lack of resources committed by 
the developed world, especially financial and techni-
cal support. They note that overseas development aid 
has declined since global forest efforts were initi-
ated in the late 1980s (UNFF 2002, Molnar 2005). 
Most Northern countries, however, have resisted 
direct trade of financial commitments in exchange 
for forestry reform, preferring to leave this role to 
other international institutions and the private sector. 
Second, there remains a fundamental tension within 
forest governance processes between those promot-
ing neo-liberal strategies for economic growth and 
trade, and those more focused on non-industrial for-
est uses and public and community participation. 
We see similar tensions in the climate regime over 
the inclusion of non-climate environmental and/or 
social benefits within global carbon markets. Ar-
guably, these conflicting goals have impeded the 
development of a regime, although recent efforts 
have sought, and are seeking, “win-win” strategies. 
They include embedding social and environmental 
standards, and the provision of resources for rural 
enterprise development, into global value chains. 
Important for our review, much of the growth in 
the championing of these social and environmental 
norms can be attributed to the increasing influence 
of NGO and developing country alliances (Hum-
phreys 2006a), which have inserted and expanded 
what types of efforts and goals are prerequisites for 
institutions to be viewed as appropriate.
These factors may explain why the UNFF has 
expanded championing principles of sustainable for-
est management to focus on developing more specific 
practices though the “Non-Legally Binding Instru-
ment on All Types of Forests” of 2007 (Humphreys 
2006b, Capistrano et al. 2007, Asadi 2008). This 
document recognises the principle of “common but 
differentiated responsibilities” (which also appears in 
the 1992 Rio declaration on Environment and Devel-
opment and the Framework Convention on Climate 
Change) (UN 2007) in which all states share respon-
sibility for slowing and reversing deforestation, but 
accept that these responsibilities are not distributed 
evenly across states. While there is broad agreement 
on this policy goal, there is no agreement on what, 
precisely, this means for specific policy requirements 
“in the field.” There continues to be no agreement 
on which states bear primary responsibility for for-
est conservation targets, nor which should provide 
financial and technological assistance to developing 
countries, nor how these funds and knowledge ought 
to be allocated. These are, to be sure, reinforced by 
long-standing political gridlock on these issues that 
is compounded by the issue of sovereignty.
Many developed countries want tropical coun-
tries to enter into time-bound and quantifiable re-
forestation and conservation targets, but the former 
are generally unwilling to meet the requests of the 
latter for financial and technical assistance to help 
them meet these targets. Most tropical forest coun-
tries want a global forest fund to help them conserve 
and sustainably manage their forests, yet most of 
these countries continue to insist upon unfettered 
sovereignty over their forests and are unwilling to 
agree to even soft and non-legally binding targets. 
Financing sustainable forest management remains an 
intractable issue with the April 2009 eighth session 
of the UNFF, which, once again, was unable to find 
a resolution.
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23.3.5 Explaining the Role of 
International Forest Institutions
Why have international deliberations been relegated 
to developing abstract principles and goals and/or 
non-binding policies that they hope will influence 
more authoritative processes? Davenport (2006) at-
tributes the failure of the negotiations squarely on 
the United States (US). She argues that the United 
States has not been prepared to invest money in a 
forest convention because it reasoned it would not 
be in its (strategic) self interest – a position it has 
maintained ever since the UNCED. However, oth-
ers argue that much of the explanation lies with the 
mechanics of the United Nations’ (UN) system itself, 
particularly the requirement of consensual decision-
making processes in which it takes all states to say 
yes and only one to say no. This has led to the politics 
of the lowest common denominator, or what has been 
termed the “convoy principle” of decision making, 
in which all move at the speed of the slowest. States 
have concentrated on agreeing on text that is non-
legally binding, but graduated in terms of normative 
strength. For example, in UN outputs, the words “re-
quests” and “urges” indicate a higher priority than 
“recommends” and “encourages,” which in turn are 
stronger than “invites” and “suggests.” Though it 
may be difficult to tease out the relative weight of 
these different explanations, what is clear is that new 
forest-focused institutions at the regional, domestic, 
and local levels sought to bypass the overwhelming 
“rules of the game” governing international forest 
agreements.
The question of responsibility and power has 
arisen in all international forest negotiations, which 
affects the problems that international institutions 
recognise and to which they respond and adapt. 
While much primary tropical forest remains, very 
little of the original extent of forest cover remains 
in Europe; and in many regions in North America, 
second-growth forests have replaced “old growth” 
forests. The G77 has argued that the developed 
countries have an ethical responsibility to help pay 
for conserving the world’s tropical forests as they 
continue to drive deforestation through high demand 
for forest products and for agricultural produce culti-
vated on deforested land. But the developed countries 
have refused to recognise this argument.
While there has been considerable discussion – 
and in some cases international agreement – on broad 
policy principles, the failure to agree to the practi-
cal details of these principles and how they should 
be interpreted has created an uncertain international 
policy environment which, in turn, poses a challenge 
for those national policy-makers who seek to trans-
late these broad principles at the domestic level. One 
argument sometimes made for a forest convention is 
that it would eliminate such uncertainties by provid-
ing a clearer and more predictable policy-making 
environment. Another is that a convention would ra-
tionalise and coordinate global forests governance. 
Global governance on forests has developed not ac-
cording to any coherent rational design, but in an 
ad hoc, incremental, and multi-centric manner, with 
international forest policy-making scattered across 
an array of international institutions. According to 
VanderZwaag and MacKinlay (1996), a global for-
ests convention could address, and counteract, “the 
‘increasing fragmentation’ in the activities of inter-
national organisations with a forest-related mandate 
and the ‘resultant duplications and inefficiencies’.”
Against this, others have argued that a convention 
would be unlikely to solve the problem of interna-
tional coordination on forests because there is no 
legal reason why such an institution should have a 
higher standing than any other free-standing legal in-
strument. Far from providing a more rationalised and 
harmonised treatment of forests in international law, 
a forests convention could, by adding another layer 
of international regulation, lead to further legal un-
certainties and complications (Skala-Kumann 1996). 
Rather, the key question for this line of thought is 
not the primacy of a global forest convention, but 
how to build and nurture commitment for problem-
focused institutions at the global, regional, national, 
and local levels.
23.3.6 Global Climate Negotiations 
and Forests
In part owing to the lack of an agreement on a binding 
global forest convention, many NGOs, stakeholders, 
and firms have increasingly sought to bring the forest 
problem under a global climate regime institution 
where, at least in terms of attention, intergovern-
mental efforts are much more advanced (Humphreys 
2008). Linking forestry to climate change presents 
opportunities and challenges as various countries and 
stakeholders, motivated by a range of concerns and 
interests, attempt to shape responses and policy op-
tions. Understanding how climate institutions adapt 
to these pressures and focus simultaneously on emis-
sions reductions and sustainable forest management 
(Karsenty 2008), will be critical for understanding 
when, and how, a climate regime might provide an 
opportunity to promote globally responsible forest 
policy development (Levin et al. 2008).
Emissions from deforestation and forest deg-
radation were explicitly avoided under the 1997 
Kyoto Protocol negotiations because of three key 
concerns. First, many environmental NGOs feared 
that incorporating forestry in a climate regime would 
take pressure off efforts to reduce emissions from 
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industrial activity. Second, reducing emissions from 
deforestation and forest degradation is focused on 
tropical forests in developing countries where there 
are no emission reduction targets.1) Third, there is 
incredible complexity and uncertainty in accounting 
for such emissions reductions. However, since 1998, 
scientific information about the significant sources 
of emissions owing to tropical forest degradation 
(Curran et al. 2004), and economic analyses that re-
ducing these emissions is more cost-effective than 
industrial emissions (Ebeling and Tippmann 2008) 
and may “buy time” before industrial emissions can 
be reduced, attention has shifted these politics to un-
derstand just how a post-2012 regime might go about 
incorporating forest-related emissions. At the same 
time, there exists considerable concern among those 
championing increased rights and access to forest 
resources that the current REDD negotiations, owing 
to neo-liberal norms, may favour global capital over 
forest-dependent communities, biodiversity protec-
tion, and poverty alleviation (Rights and Resources 
Initiative 2009). Still others fear that a focus on car-
bon may reduce, rather than help, more purposeful 
prescriptions designed to limit the impact of com-
mercial practices on natural forest ecosystems.
Much of the current interest in achieving protec-
tion for the world’s forests through a climate regime 
can be traced to the 2005 Conference of the Parties 
(COP) 11 meeting in Montreal, when Papua New 
Guinea and Costa Rica led several other nations, 
collectively known as the “Coalition for Rainforest 
Nations” (Myers 2007), issued a paper calling for 
REDD to be placed formally on the climate agen-
da. This interest, spurred by the scientific data and 
economic analyses, was viewed as a way to entice 
developed countries to finally commit the resources 
and technical assistance needed for “on-the-ground” 
implementation that they had been largely refusing 
to do through the international forest regime institu-
tions reviewed above. This time, developed countries 
showed strong interest, with COP 11 participants 
agreeing to have the standing scientific advisory 
committee, the Subsidiary Body of Scientific and 
Technological Advice (SBSTA), review the prospects 
of including forests under climate negotiations.
photo 23.1 Forests have received increasing attention in global climate negotiations. the extent to which 
the climate regime can address non-carbon challenges of forest governance, target drivers of deforesta-
tion and forest degradation, and reinforce efforts to alleviate poverty in local communities remains to 
be seen (Accra Climate Change talks, Accra, ghana 2008).
M
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1) The exception was projects initiated under the “Clean 
Development Mechanism” (CDM) in which Annex I listed 
developed countries could initiate reduction targets in devel-
oping countries.
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The political momentum to include REDD in a 
climate regime gained further traction at the Decem-
ber 2007 climate negotiations in Bali (Appleton et 
al. 2009). Deliberations were now focused not on 
whether, but on how, to include forests, and how 
to promote non-carbon benefits, known as REDD-
plus (Appleton et al. 2009). Significant progress was 
made in identifying the resources that developing 
countries would need for capacity building, including 
monitoring, reporting, and verification. The UNFCC 
produced a document that outlined a two-year “road-
map” to prepare for the 2009 Copenhagen meeting, 
and announced the creation of an Ad Hoc “Work-
ing Group on Long-term Cooperative Action under 
the Convention” to consider “positive incentives 
for developing countries to participate and to assess 
the role of conservation, sustainable management of 
forests, and enhancement of forest carbon stocks in 
developing countries.”
The working group focused on four key ques-
tions. First, it assessed whether REDD policy goals 
should cover not only deforestation and forest deg-
radation, but also conservation and sustainable man-
agement of forests. This is important because what 
happens to these broader questions within a climate 
regime will be critical for understanding the ability of 
a climate focus to promote the broader policy goals 
championed through international forest delibera-
tions reviewed above.
Second, there have been vigorous discussions 
about whether efforts should be focused on project-
level reductions, which some assert might more 
directly benefit indigenous communities in those 
cases where their own governments have not done so, 
versus rewarding and focusing on national policies 
and programs. Much of these debates are concerned 
about whether a national focus would create more 
logical “baselines” from which reduced emissions 
could be calculated, and help avoid “double count-
ing” and “leakage” that can occur where seques-
tration in one project might inadvertently lead to 
increased emissions elsewhere. Still others argue that 
sub-national delineations based on forest ecosystems 
are often better than national “lines on a map” for 
calculating baselines.
Third, and reflecting neo-liberal norms, parties 
to the UNFCCC have considered two key policy 
mechanisms: market-based and fund-based mecha-
nisms. Deliberations focused on the pros and cons of 
incorporating REDD activities into a “cap-and-trade” 
scheme versus a fund established to directly finance 
forest emission reduction efforts. While on the one 
hand a market-linked mechanism may provide a 
more adequate, stable flow of finance, a fund-based 
instrument can protect sovereignty, ensure that emis-
sions are reduced in non-forest sectors, and be used 
for such indirect but “capacity-building” efforts that 
do not result in immediately quantifiable emissions 
reductions. (As our section below on knowledge in-
stitutions reveals, meaningful progress is unlikely 
without such adequate capacity.) There are also pro-
posals to make a REDD mechanism linked to broader 
carbon market initiatives in which a steady stream of 
finance would be generated by the broader carbon 
market, but credits generated from REDD would not 
be fully fungible with non-REDD credits.
In anticipation of a successful intergovernmental 
agreement on REDD, several funds have been cre-
ated for the purpose of providing financial incentives 
to developing countries to participate in, or become 
ready for, REDD projects. One significant effort is 
already being undertaken through the World Bank’s 
Forest Carbon Partnership Facility (FCPF), which 
was launched in Bali in December 2007 (Gordon et 
al. 2007). The Partnership Facility is comprised of 
two parts: a mechanism for encouraging developing 
countries to undertake plans now in order to be ready 
once REDD plans are formally in place; and a car-
bon finance mechanism. The readiness mechanism 
includes support for REDD strategy development, 
monitoring, building baselines, modelling, and other 
activities that enhance national capacity to implement 
REDD policies. Similar funds include Australia’s 
Global Initiative on Forests and Climate, and Nor-
way’s International Climate and Forestry Initiative. 
Funds vary in their approaches, with some aiming 
to finance the creation of enabling environments and 
capacity building, and others devoting efforts solely 
to those activities that can demonstrate observable 
carbon dioxide emissions reductions.
Fourth, Parties deliberated over policy calibra-
tions involving just how to precisely monitor emis-
sions reductions. These deliberations focused on 
whether spatially explicit data would be required, 
specific methodologies for interpreting this data, the 
monitoring of non-carbon attributes, and the degree 
to which safeguards should be established for biodi-
versity and indigenous forest-dependent communi-
ties. The Copenhagen Accord reveals that significant 
progress was made, particularly over the notion that 
there will have to be some type of “REDD-plus” 
orientation. Ongoing negotiations in 2010 will be 
key for understanding and assessing the impact of 
policy specifications and calibrations.
In anticipation of these final deliberations, the Co-
penhagen Accord established a Green Climate Fund 
designed to support REDD-plus activities (Appleton 
et al. 2009). As part of these efforts, developing coun-
tries were formally requested to: identify drivers of 
deforestation, establish national forest management 
systems, develop guidance for engagement of indig-
enous peoples and local communities in monitoring 
and reporting, and develop forest reference emission 
levels that take into account historical data and adjust 
for national circumstances.
While the climate negotiations have advanced in 
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the inclusion of forests and their emissions, the extent 
to which the climate regime can address non-carbon 
challenges of forest governance, whether they can 
target drivers of deforestation and forest degradation, 
and whether they reinforce or detract from efforts to 
alleviate poverty in local communities, remain the 
key questions for understanding whether climate in-
stitutions might provide for more effective, efficient, 
fair, and adaptive, rather than direct forest-focused 
international deliberations. We return to these ques-
tions in the Conclusions section by arguing that the 
outcome is not pre-ordained, but instead depends on 
whether a range of stakeholders take long-term stra-
tegic decisions that pay attention not only to immedi-
ate consequences facing their own organisations, but 
to building broader communities that are motivated 
by their roles as global citizens united in developing 
new and appropriate institutions.
23.4 regional, domestic, and 
local Institutions
The failure of international efforts to develop a bind-
ing forest regime places in context not only why so 
many organisations turned to climate negotiations for 
amelioration of global forest challenges, but also why 
so much attention was placed on nurturing regional, 
domestic, and local forest institutions and processes 
since Rio. Two impacts of Rio and IPF/IFF/UNFF 
deliberations are noteworthy in this regard.
First, following Agenda 21, the development of 
regionally coordinated “national forest programs” 
that drew on overarching global principles was en-
couraged. It was hoped that these ideas would find 
formal expression through more authoritative na-
tional government policy objectives. It was in this 
context that creators of national forest programs 
in Europe and Canada (Howlett and Rayner 2006, 
Humphreys 2006b) pointed to the Rio Principles 
in general, and Agenda 21 in particular, to justify 
their development. Most national forest programs 
turned to long-standing knowledge and administra-
tive institutions that contribute capacity-building 
functions, training, and scientific expertise (Howlett 
2000) to help foster an enabling environment criti-
cal for meaningful progress. Whether and how these 
national forest programs influenced “on-the-ground” 
forest governance remains an open question (Hum-
phreys 2004), but most important for our review 
is that these were largely introduced in developed 
countries, while capacity and training gaps, among 
other reasons, meant that few similar programs were 
initiated in developing countries.
Second, regionally focused intergovernmental 
“criteria and indicators” (C&I) processes were con-
vened around the globe in which widespread efforts 
were undertaken to define, rather than implement, 
sustainable forestry. 1) From these and related efforts, 
seven key goals/themes of sustainable forest man-
agement emerged. These produced a normative pull 
on sustainable forest management discussions and 
deliberations, reviewed below. 2) There is no ques-
tion that criteria and indicator processes have been 
important for shaping problem definitions, bringing 
scientific knowledge to bear on “best practices” for-
est operations, and to emphasise, some argue, neo-
liberal norms of commercial extraction over alterna-
tive modes of production (Gale 1998).
Yet by 2001, there was a growing consensus 
that, instead of spending what appeared to be futile 
efforts to create widespread, prescriptive, and com-
prehensive global agreements, it made more stra-
tegic sense to focus on a smaller set of important 
baseline approaches that could be seen as “neces-
sary but not sufficient.” This meant that practitioners 
turned elsewhere to champion on-the-ground forest 
management changes that would draw, ultimately, 
on domestic governments’ sovereign authority. That 
is, the strategy of many international organisations 
and government agencies focused on developing 
countries was no longer to reach binding interna-
tional agreements, but rather, to nurture and support 
efforts by domestic developed country governments 
to promote “good forest governance” within their 
own boundaries.
Three goals emerged as central to these efforts: 
First, was the idea of promoting baseline governance 
in which questions such as corruption and legality 
came to be seen as critical in and of themselves 
(though never a panacea), but also as a prerequisite 
for more purposeful efforts that might follow their 
promotion. Second, was the promotion of the prin-
ciple of “subsidiarity” in which decentralisation was 
championed as the “default” mechanism with which 
to promote fair and just allocation of forest “rights 
and resources” for forest dependent communities and 
indigenous peoples (Oram and Doane 2005, Ribot 
2008). Third, was the idea of embracing the neo-
liberal idea of global markets, but with the added 
caveat of embedding into them social and environ-
1) Regional and C&I Approaches covered Non-European Tem-
perate and Boreal Forests through the Montreal Process; 
Europe; The Amazon; Central America; Southeast Asia; Af-
rica; as well as early efforts though the International Tropical 
Timber Organisation that covered 31 countries (McDermott 
et al. 2007: 48–50).
2) These are 1) Extent of Forest Resources; 2) Biodiversity; 
3) Forest Health; 4) Productive Functions Protective Func-
tions; Socio-economic Benefits; Legal, Policy and Institu-
tional Frameworks (McDermott et al. 2007: 3–7).
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mental responsibilities.
Much of the concern focused in areas where 
forest problems and challenges are quite acute, in-
cluding Southeast Asia, Africa, and Latin America. 
Unlike international deliberations reviewed above, 
most governments of most countries were generally 
supportive of the general idea behind these efforts to 
promote “good forest governance.”
Since a complete review of the complex range of 
efforts that resulted from championing these goals 
is beyond the scope of a single chapter, we focus 
our review below on select examples of individual 
international organisation-centered efforts; regional 
multi-stakeholder processes; tenure reform; and do-
mestic sustainable forest management regulations.
23.4.1 Single Agency Efforts
Our review of single agency efforts draws on two 
examples of efforts by the World Bank to promote 
improved forest governance in developing countries. 
The World Bank often takes a lead role among devel-
oping country-focused international agencies owing 
to its resources, including significant funding and a 
vast cadre of well-trained economists, and its overall 
championing of neo-liberal policies. It has had a sig-
nificant, though often short-lived impact, along with 
the International Monetary Fund (IMF), in pressuring 
countries to undertake specific policy requirements, 
such as their insistence that Indonesia remove its raw 
log export restrictions (Goodland and Daly 1996), 
which, the World Bank and IMF officials, reflecting 
neo-liberal ideas, reasoned would promote economic 
growth and, as a result, alleviate poverty (Barr 2001). 
Recognising the importance of both “rule of law” 
and the importance of promoting development that 
sought poverty alleviation, the World Bank also 
promoted decentralisation efforts that would permit 
forest-dependent peoples to share in the potential 
prosperity that economic growth might provide. Its 
efforts in the Philippines and Cambodia in the 1990s 
to promote greater access and resource rights provide 
illustrative cases. In both countries, the hypothesis 
driving these efforts was that by better integrating 
forests into the local economy of rural communities, 
greater local commitment to forest conservation and 
sustainable forest management would ensue.
The Philippines
By the 1990s, the government of the Philippines was 
transitioning from its practice of allocating large tim-
ber concessions to industrial forest companies to an 
emphasis on “community-based forest management 
agreements” and “protected area community-based 
forest management agreements” (Oberndorf 2008). 
Much of the international community’s efforts in 
helping to promote forest law and governance fo-
cused on providing mechanisms for local participa-
tion and enforcement. These efforts were champi-
oned through the establishment of “Multi-Sectoral 
Forest Protection Committees” (MFPC) that did not 
replace existing agency authority, but sat alongside 
seeking to provide capacity-building through coor-
dination, information, and enforcement. Funded by 
the World Bank, the MFPCs comprised a range of 
stakeholders, including NGOs, the Catholic Church, 
and civic leaders. At their peak, over 300 community 
MFPCs were operating in the Philippines. The hope 
was that these institutions would provide for greater 
transparency and learning within forest-dependent 
communities, and would be instrumental in find-
ing ways to promote sustainable use of the forest 
resource. Oberndorf (2008) reports, however, that 
increasing population and corresponding pressures 
on the forest, combined with inadequate resources, 
meant that the MFPCs project failed to achieve its 
objectives: “The gains made in stopping illegal log-
ging operations and the transport of illegal forest 
products became difficult to sustain, as the MFPCs 
were simply unable to provide meaningful assistance 
to forest-dependent communities in developing vi-
able alternative sources of livelihood” (Oberndorf 
2008). As Kaimowitz (2003) has articulated, this 
case illustrated the broader conundrum of the uneasy 
relationship between efforts to curb illegal logging 
and the impacts of such efforts in both the short and 
long term. As for MFPCs in the Philippines, they 
have followed a rather typical – albeit unfortunate 
– pattern in which funding has now largely dried up. 
This example illustrates our interest in identifying the 
processes through which durable institutions might 
be nurtured. For further information on the develop-
ment of community forestry in the Philippines see 
Chapter 19.
Cambodia
Cambodia offers a different story for students of for-
est law enforcement and governance (Luttrell 2008). 
A history of forestry exploitation and degradation 
in Cambodia can only been seen in the context of 
the legacy of its long history with conflict. Luttrell 
(2008) explains that the 1980s and 1990s witnessed 
such mismanagement and corruption within the for-
est sector that it contributed greatly to disorder and 
conflict. The international community then saw the 
promotion of forest law and governance as a way of 
breaking out of its resource/conflict cycle. As a result, 
the World Bank and other donors created the “For-
est Crimes and Monitoring and Reporting Project” 
(FCMRP). This project was innovative in creating an 
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“independent monitor” with which to oversee opera-
tions conducted by two key administrative institu-
tions: Ministry of Agriculture, Forestry and Fisheries, 
and the Ministry of Environment. The Cambodian 
government was reluctant over concerns regarding 
national sovereignty. However, it felt pressure to ac-
cept the oversight as it was heavily dependent on 
foreign aid and, at the time, had a desire to improve 
its standing in the global community (Luttrell 2008).
The World Bank’s incentive was to provide a USD 
30 million structural adjustment loan. This “tipped 
the scales” and the Cambodian government agreed to 
support independent monitoring. However, the con-
tract for oversight was awarded to an NGO with an 
activist agenda, Global Witness. Its role as auditor/
verifier and policy advocate, which had long been 
critical of Cambodian policy, immediately created 
tensions between them and the government. Even-
tually, the government broke off the arrangement 
and a new, more truncated oversight was awarded 
to an international certifier and auditor known as 
SGS. Eventually, oversight ended. Debates continue 
about the short- and long-term effectiveness of this 
approach. On the one hand, the profile of illegal log-
ging was raised. On the other hand, Luttrell (2008) 
argues that little long-term change occurred on the 
part of the government of Cambodia, and that donors 
are now reluctant to maintain involvement.
Given this review, it is clear that there is a strong 
need to share learning about when FLEG efforts ap-
pear to work, as well as the bottlenecks and difficul-
ties in implementing them (Ribot et al. 2004, Rudel 
2005, Humphreys 2006a). There are, to be sure, sig-
nificant differences across cases, but also similarities, 
the most important of which may be the significant 
challenges in institutionalising short-term projects 
into ones that are sustainable in the long term.
23.4.2 Regional Co-operation:  
“Good Forest Governance” Networks
Recognition that short-term results of individual 
agency-focused efforts did not always yield long-
lasting support for existing or new governance in-
stitutions, led a variety of stakeholders, including 
international agencies, NGOs, and domestic gov-
ernments, to develop a range of broader regional 
ties. Many focused on fostering learning networks 
about what policy instruments and approaches might 
create “win win” solutions, and to the identification 
of strategic allocation of resources to countries and 
civil society partners.
While a thorough review of these efforts is be-
yond the scope of this single chapter, we turn to a 
range of efforts to build “good forest governance”. 
These initiatives have, ultimately, coalesced around 
two specific policy interventions: efforts to reduce 
illegal logging and, related, “corruption.” Corruption 
itself has been further distinguished between unau-
thorised payments sometimes demanded by high 
level officials for access to resources from those that 
are given to low level and poorly paid officials for 
informal access to forest resources (Byron 2006).
The Problem of Illegality
Illegal logging has been applied narrowly to such 
practices as “timber theft,” and broader issues such 
as government corruption and failure to comply with 
domestic environmental laws. At the heart is a con-
cern for often unresolved issues of who gets the right 
to forest and land tenure. Disputes over land tenure 
are common in many forested areas and create legal 
ambiguity over timber harvesting rights. On publicly 
owned lands, a major source of illegality lies in the 
fraudulent and corrupt distribution of logging con-
cessions. Outright forest theft is the practice most 
consistently associated with illegal logging. Theft 
may occur either inside or outside of legal harvest 
boundaries, and includes unsanctioned logging in 
protected areas, such as riparian zones. In addition to 
illegalities associated directly with harvesting, laws 
may be violated in the transport, processing, and/or 
trade in harvested forest products. Likewise, illicit 
accounting practices are common in some develop-
ing countries, including the use of transfer pricing 
to avoid full payment of taxes (FAO 2001). Some 
have asserted that bureaucratic procedures can push 
people to illegality. For example, in Nicaragua, cases 
have been documented when timber has had to be 
transported across more than one municipality with 
each one “charged” illegal taxes, thus encouraging 
increased illegality (Larson 2003).
This lack of a standardised definition of ille-
gal logging, together with a lack of recorded data, 
makes it very difficult to determine its precise extent 
(Tacconi 2007). Nevertheless, very rough estimates 
that do exist tell a compelling story. Estimates of 
illegal wood exploitation for a number of develop-
ing countries range from 50% to 90% of the total 
harvest (Table 23.1). The impacts of these illegal 
activities extend well beyond the boundaries of in-
dividual countries. The World Bank (2005a, 2005b) 
has estimated that the illegal timber trade has resulted 
in a collective loss of USD 10 billion to the global 
marketplace, as well as losses of government revenue 
totalling USD 5 billion. Illegal logging undermines 
efforts to promote sustainable forest management by 
driving down prices. Illegal loggers avoid develop-
ing management plans, paying taxes, and securing 
logging permits. The environmental and social im-
pacts that result are profound. Illegal logging plays 
a critical role in tropical deforestation, forest degra-
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dation, and the resulting loss of forest productivity 
and biodiversity (Brown et al. 2008). Its damaging 
impact occurs both directly, through irresponsible 
logging practices, as well as indirectly, through di-
verse means such as the opening of forest frontiers 
to resource exploitation and land use conversion. 
From a social perspective, illegal logging robs local 
forest-dependent communities of their livelihoods 
and contributes to a range of social ills from abusive 
labour practices to enslavement and violence (Brown 
et al. 2008).
The causes of illegal logging can be traced, at 
one end, to a lopsided global economy involving 
rapidly increasing and uneven resource consumption 
coupled with governance structures ill-equipped to 
moderate the impacts of global trade. At the other 
extreme, causes can be traced to subsistence for-
est use and conversion, a problem in virtually every 
country worldwide, but far more pronounced in the 
Southern Hemisphere (Tacconi 2007). As such, it 
presents a major opportunity for long-term North-
South collaboration to address global environmental 
degradation and poverty. However, as Kaimowitz 
(2003) has noted, the precise nature of mechanisms 
designed to promote forest governance will affect 
whether they improve, or make worse, the plight of 
forest-dependent peoples. This diversity of concerns 
has helped to put the issue on the global governance 
map; however, it has also created numerous pitfalls 
that only durable institutions that enjoy long-term 
support may be able overcome.
Domestic Support for Regional Processes:  
FLEG and FLEG-T
What have been the results of regional efforts to pro-
mote good forest governance and curb illegality? We 
see strong support within developed and developing 
countries. In fact, the alignment of country support 
for multi-lateral action on illegal logging stands in 
stark contrast to the global forest negotiations. The 
United States, one of the countries most resistant 
to binding global forestry agreements, has shown 
strong and sustained commitment to putting illegal 
logging on inter-governmental agendas. One of the 
first movers in promoting legality in the late 1990s, 
the US – after initial frustrations with limited efforts 
in promoting this approach through the UNFF, ITTO, 
and the CBD – began to pursue alternative strategies 
(McAlpine 2003). It did so by linking with the United 
Kingdom to spearhead the development of a G8 1) 
“Action Programme on Forests” in which legality 
was one of five focal areas.
Similar support has occurred in developing coun-
tries. In large part, this support can be traced to the 
recognition by governments of the strong economic 
and governance benefits of focusing forest law en-
forcement and governance efforts around baseline 
issues involving legality and crime (World Bank 
2006), which stand in contrast to the overwhelming 
array of challenges that a global forest convention 
and certification efforts had focused. This approach 
paved the way for the emergence of regional “Forest 
Law Enforcement and Governance” (FLEG) pro-
cesses. Co-hosted by producer and consumer coun-
tries and the World Bank, key early FLEG outputs 
include an East Asian FLEG Ministerial Declaration 
in Bali in 2001, followed by Ministerial declarations 
in Africa (Yaoundé 2003), in Europe, and in North 
Asia (St Petersburg 2005), as well as initial talks in 
Latin America. As a result of these declarations, a 
number of projects and initiatives have been cre-
ated to promote FLEG at various scales and regions 
(Kaimowitz 2003; Perkins and Magrath 2005; World 
Bank 2005a, 2006, 2007; Magrath et al. 2007; Brown 
et al. 2008).
In the Association of Southeast Asian Nations 
(ASEAN) countries, regional FLEG processes 
opened the door for new initiatives and experiments 
within and across countries (Brack 2005, Cashore 
2006, BBC 2007, Ching 2007, Brown et al. 2008), 
with varying involvement of civil society and forest 
sector stakeholders (Thang 2008). Many of these 
FLEG processes focused much of this effort on 
building greater capacity for enforcement of exist-
ing laws (Tacconi 2007), reducing contradictory legal 
table 23.1 estimates for illegal wood exploi-
tation.
Country estimated % of wood
 harvested illegally
Bolivia 80
Brazilian Amazon 85
Cambodia 90
Cameroon 50
Colombia 42
Ghana 34
Indonesia 51
Myanmar 80
Russia 20–50
Source: ITTO 2002. The ITTO data is based on a wide range of 
sources employing different measurement methodologies.
1) The Group of Eight includes France, United States, United 
Kingdom, Russia, Germany, Japan, Italy, and Canada.
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regimes, enlisting NGOs to monitor on-the-ground 
activities, and reducing high levels of illegal log-
ging through labelling and market access (FAO 2005, 
FLEG News 2007, Brown et al. 2008).
Meanwhile, ENGOs (environmental non-gov-
ernmental organisations) were actively involved in 
raising awareness regarding the role of developed 
countries as drivers of illegal logging. NGOs targeted 
Northern consumption as a means to address illegal 
logging; i.e., they reasoned that it was as important 
to address the demand side of illegal trade as it was 
to restrict the supply side. FERN and other ENGOs 
estimated that 50% of the EU’s (European Union’s) 
imports from tropical forests, and 20% from boreal 
forests, might be traced to illegal sources (FERN 
2002). While these figures would vary depending on 
an individual country’s primary sources of tropical 
timber, the problem is certainly not confined to Eu-
rope. For example, figures compiled by the Brazilian 
Trade Ministry show the US as the largest importer 
of Amazonian wood products, accounting for 28% 
of the total dollar value of timber products exports 
(Greenpeace 2003). If roughly 85% of the Amazo-
nian wood products trade is illegal, then without rel-
evant precautions, the US provides ample demand 
for illegal Brazilian wood.
No doubt spurred by these NGO efforts, as well 
as the G8 Programme on Forests and World Bank-
facilitated regional FLEG processes, in 2003, the 
European Commission produced the Forest Law 
Enforcement, Governance, and Trade (FLEGT) 
Action Plan. This plan includes strong demand-side 
measures, calling on EU member countries to turn 
to the marketplace and timber-tracking to eliminate 
demand for illegal logs and, consequently, promote 
good governance. Key components of the FLEGT 
process are bilateral agreements, known as Voluntary 
Partner Agreements (VPAs), with individual coun-
tries to eliminate imports of illegally harvested logs 
– agreements that side-step WTO because both the 
exporting and importing countries voluntarily adopt 
them. Timber shipped between the EU and a VPA 
country must be accompanied by a license. The first 
FLEGT VPA was agreed with Ghana in 2008, fol-
lowed in 2009 by a VPA with the Republic of Congo. 
At the time of writing, the EU is involved in VPA 
negotiations with four other countries: Cameroon, 
Indonesia, Liberia, and Malaysia.
Whereas the EU’s VPA approach relies on bilat-
eral agreements with individual producer countries, 
the US has pioneered a domestic legislation approach 
to demand-side control. In May 2008, the US Con-
gress passed an amended and updated version of 
the Lacey Act (effective 15 December 2008). The 
original Lacey Act was enacted in 1900 to prevent 
transportation of illegally captured wildlife across 
state lines within the United States. The 2008 amend-
ment prohibits commerce in plants, including timber 
and wood products that are illegally sourced in any 
country. Importers are required to declare the spe-
cies and origin of harvest of all plants. Penalties for 
violation of the Lacey Act include forfeiture of goods 
and vessels, and imprisonment. The European Com-
mission has since developed a proposal for similar 
trade legislation, referred to as the Due Diligence 
Regulation (DDR), to prevent the import of illegal 
wood into the EU from all sources. Unlike the US 
Act, however, the DDR requires only “reasonable 
assurance” that wood products are legally produced 
(Baumüller et al. 2009). Together, the amended Lac-
ey Act, EU VPAs, and DDR will make some inroads 
into the international trade of illegally logged timber, 
although they will fall short of a comprehensive mul-
tilateral prohibition.
In terms of government strategies, the above il-
legal logging initiatives indicate political interest in 
region-specific approaches, whether and how they 
might result in better enforcement, which often puts 
at risk those charged with enforcing laws. While per-
haps providing a useful venue for baseline problem 
solving, clearly such steps are not by themselves 
adequate to address the monumental and systemic 
challenge of forest governance in developing coun-
tries. This is in large part because control of illegal 
logging is by its very nature a local phenomenon, 
which is often highly complex and sometimes dan-
gerous for forest managers to address.
Whether a focus on legality can provide more 
enduring institutions will depend, in part, on whether 
long-term incentives for enforcement can be achieved. 
Some of this effort will come from NGOs, such as 
the Environmental Investigation Agency, whose 
reports on illegal trade of logs from Indonesia to 
Malaysia are working to place these issues on the 
agenda. Other enforcement mechanisms may come 
from the US Lacey Act amendments themselves. As 
US importers appear to have a self interest in policing 
competitors, since any reduction in illegal imports 
to the US market will benefit the market share of 
legal importers. Certainly the initial prosecution of 
a leading US-based guitar manufacturer (Lind 2009) 
appears to have created significant concern across a 
wide ranging set of importers to ensure that wood 
in the products they are importing does conform to 
legality standards.
23.4.3 Domestic Initiatives:  
Tenure Reform
In the last 20 years, a great deal of scholarly atten-
tion has been placed on better understanding what 
types of local institutions promote enduring social 
and economic stewardship. Many of these scholars 
focus on resource-depletion questions (Hardin 1968), 
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and emphasise the importance of developing mean-
ingful and appropriately designed local institutions 
whose purpose is to manage economically important 
resources for long term “sustained” yields so that 
resource depletion does not occur (Ostrom 1990). 
For these scholars, how to provide for meaningful 
delegation of authority over resource management, 
and how to determine appropriate geographic scope 
and community size are key central questions sur-
rounding the development of effective and appro-
priate local institutions (Agrawal and Goyal 2001). 
Proponents of these approaches often draw on the 
principle of “subsidiarity:” “…the idea that the best 
level for policy and procedural decisions is the most 
local possible level at which decisions are not likely 
to produce negative effects for higher scales of eco-
nomic, social, or political-administrative organisa-
tion” (Ribot 2008). The principle of subsidiarity 
stands in contrast to findings in some countries that 
when a resource conflict becomes nationalised, en-
vironmental values tend to gain greater dominance 
over commercial activities than when they remain 
largely localised (Hoberg 1997).
How subsidiarity impacts such power dynamics, 
and whether it can lead to more effective environ-
mental outcomes, is a question that requires under-
standing how tenure institutions intersect with other 
governance and capacity-enhancing institutions. One 
hypothesis implicit in current research is that the 
subsidiarity principle works well for open access 
resources in which people have a self-interest in 
creating institutions to promote long-term resource 
sustainability. The subsidiarity principle does less 
well when the focus is on broader ecosystem man-
agement values that are either difficult or impossible 
to reduce to self-interest utilitarian calculations.
These issues are central for understanding tenure 
reforms because, for the most part, the literature fo-
cuses on the anthropogenic collective action dilem-
mas that figure so prominently in Ostrom’s work on 
“common pool resource” institutions (Ostrom 1990). 
Ostrom’s work with colleagues is important because 
she challenges Hardin’s argument that collective ac-
tion dilemmas require either pure privatisation or 
pure public ownership. She argues, and finds, that 
institutions that govern local communities can draw 
on a range of specific rules appropriate to the local 
context to govern collective or community engage-
ment to limit resource depletion.
What we know is that tenure reform can promote 
incentives for institutional compliance among local 
communities, as well as the capacity to effectively 
implement institutional requirements. Often these 
reforms require that national governments share rev-
enue with local communities so that they have the 
capacity and incentives when delegated to manage 
and protect local resources (Agrawal and Ribot 1999, 
Ribot et al. 2004, Ribot 2008).
Tenure: Overview
The future of forests depends very much on the in-
stitutional arrangements that regulate land and for-
est tenure. Most of the world’s forests (84%) are 
officially in public ownership. In Asia (94%) and 
Africa (98%), forests are almost entirely under pub-
lic ownership. In central and south America, public 
ownership is less dominant (43% and 75% of for-
est area, respectively) (FAO 2005a). However, often 
the governments in these regions have not been able 
to manage and control the forest resources that are 
officially under their control. In many cases, forest 
resources have, in practice, been under de facto open 
access1) leading to deforestation and forest degra-
dation, which continue at alarming rates in many 
countries (FAO 2007).
Changes in forest tenure that aim to clarify rights 
and responsibilities with respect to forests have be-
come important elements in the policies towards sus-
tainable management of forest resources. At the same 
time, they also aim at livelihood improvements and 
poverty reduction (Knox and Meinzen-Dick 2001). 
The pressures to recognise indigenous peoples’ 
rights to land and resources support the clarifica-
tion and formalisation of forest-related rights. It has 
often been assumed that customary tenure systems 
would disappear with population growth, economic 
development, technological change, and increased 
land scarcity. However, diverse customary, and in 
most cases community-based, resource management 
systems continue to prevail in rural areas in many 
developing countries (Bruce 1999). In sub-Saharan 
Africa, de facto land ownership is still dominantly 
based on customary land tenure systems (Nelson 
2001). The dichotomy between the national statu-
tory laws and customary land tenure and resource 
management systems has prevailed from colonial 
times to the present (Bruce 1999, Barrow et al. 
2002). Overlapping statutory and customary tenure 
systems have led to disputes and competing claims 
over land and natural resources. Conflicting law au-
thority has confused and undermined the security of 
both systems (Christy et al. 2007) and contributed 
to the disempowerment of local people and commu-
nities in controlling and managing forest resources 
(Poffenberger 1999). The ongoing changes in forest 
tenure also aim to address this dichotomy through 
codifying and formalising customary rights.
1) Under an open access regime there are no property rights and 
no defined group of users or owners, and the benefit stream 
is available to anyone (Bromley 1991).
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The Extent of Change
Systematic information regarding forest area owned 
or managed by communities in different parts of the 
world is not readily available. However, various stud-
ies suggest that an increasing share of forest land is 
under some degree of formal community manage-
ment or ownership (White and Martin 2002, Reeb 
and Romano 2006, Sunderlin et al. 2008). In the 
world’s 25 most forested countries (covering 80% of 
global forests), the forest area owned by communities 
and indigenous peoples increased from 246 to 296 
million ha between 2002 and 2008 (from 7.7% to 
9.1% of the forest area). During the same period, the 
area designated for use by communities and indig-
enous peoples increased in these countries from 49 to 
76 million ha (from 1.5% to 2.3% of the forest area). 
However, eight countries (Australia, Bolivia, Brazil, 
Cameroon, Colombia, India, Sudan, and Tanzania) 
account for almost all of the net increase in the area 
of lands designated for and owned by communities 
and indigenous peoples (Sunderlin et al. 2008). For 
example, the forest area owned or managed by lo-
cal communities, user groups, or individuals covers 
about 18% and 10% of the total forest area in 17 
South and Southeast Asian and 17 African countries, 
respectively (FAO 2006, Romano and Reeb 2008). 
In South and Southeast Asia, over half of this area 
is owned or managed by communities. However, 
as formal community ownership is insignificant in 
these countries, this area is basically under different 
joint forest management or lease systems or under 
arrangements where local communities have been 
granted certain use rights.
Changes in Property Regimes
The changes in land and forest tenure are put into 
practice through changing the policies and legal 
frameworks that define property rights to resources. 
Property rights define the relationship between the 
rights holder and all others in respect to something 
of value (Bromley 1991). By defining the rights to 
access, use, and manage forests, and by allocating 
decision-making authority over the resource, prop-
erty rights define local peoples’ options and possi-
bilities to use forest resources for subsistence or for 
income (Libecap 1989, Weibe and Meinzen-Dick 
1998). In many developing countries, the changes 
in the legal framework involve a clear tendency to 
clarify and enhance the rights of local communities 
(Christy et al. 2007) and to involve local communi-
ties and indigenous peoples in different ways in for-
est management and conservation (Alden Wily and 
Mbaya 2001, Edmunds and Wollenberg 2003, Katila 
2008, Pacheco et al. 2008). Through defining who 
can access and benefit from resources across time, 
property rights also have a profound influence on 
the incentives for the conservation and sustainable 
use of forests.
The ongoing change in forest tenure is leading 
to different kinds of property regimes where the 
forest-related rights and responsibilities are divided 
in various ways between the state and local actors 
(Alden Wily and Mbaya 2001, Edmunds and Wol-
lenberg 2003, Katila 2008). In most countries, the 
forest tenure change has involved villages (e.g., in 
Laos and Tanzania), local communities (e.g., in Viet-
nam and Mozambique), user groups (e.g., in Nepal), 
or associations (e.g., community forest associations 
in Kenya) in forest management. The allocation of 
forest land to individual households has been much 
photo 23.2 In laos, the manage-
ment of village forests (defined 
through the land use planning 
and land allocation process) is 
based on a management agree-
ment between village authorities 
and district forests authorities. M
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less common. However, in China, Laos, and Vietnam, 
for example, bare or degraded forest land has been 
contracted or allocated to households.
Based on the degree to which the decision-making 
authority is devolved to the local level, the approach-
es in forest tenure reform can be broadly divided 
into benefit-sharing and power-sharing approaches 
(Alden Wily and Mbaya 2001). In the benefit-sharing 
approach, local co-operation in forest protection and 
rehabilitation, for example, is gained by granting 
communities legal rights to harvest certain forest 
products and/or through offering employment oppor-
tunities or a share of timber revenues (e.g., in India, 
Kenya, and Mozambique). In the benefit-sharing ap-
proach, the management authority rests, for the most 
part, with the state. Especially in relation to valuable 
forest resources, the rights to control who can access 
and benefit from the resource, and to decide how the 
resource is managed and developed are still mainly 
held by the state. In most cases, local communities 
have gained legal rights to non-timber forest prod-
ucts (NTFPs) and subsistence-use wood products. 
However, sharing of economic benefits with local 
communities has, in general, been rather limited (see 
Kellert et al. 2000, Knox and Meinzen-Dick 2001, 
Shackleton et al. 2002, Sarin et al. 2003, Behera 
and Engel 2006, World Bank 2006, Hobley 2007, 
Katila 2008).
The power-sharing approach includes a real 
transfer of management authority to the local level. 
Despite the global focus on enhancing poverty al-
leviation and on strengthening local peoples’ voice 
in natural resource management, to date, the benefit-
sharing approaches have dominated, and the transfer 
of rights to control and manage forest resources has 
been rather limited (e.g., Shackleton et al. 2002, 
Sarin et al. 2003, Behera and Engel 2006, World 
Bank 2006, Hobley 2007, Katila 2008). Only in a 
handful of cases, such as community forests in Gam-
bia and village land forest reserves in Tanzania, has 
changes to forest tenure resulted in the direct transfer 
of ownership of land and/or forest resources to local 
communities.
In some cases, the rights to land and forests 
resources are separated, and secure land rights do 
not include rights to timber. In Mozambique, for 
example, according to the land legislation, commu-
nities can apply for formal title and formalise their 
land rights to land that they have traditionally occu-
pied (Government of Mozambique 1997). However, 
the forest legislation grants communities only the 
rights to subsistence use of forest resources even on 
titled community land (Government of Mozambique 
1999). Communities need to be consulted when rights 
to commercial utilisation of forests (forest conces-
sions and licenses) are allocated. This provides an 
opportunity for communities to negotiate with the 
license/concession applicants about employment or 
infrastructure development, but they do not have 
the authority to block concessions (Johnstone et al. 
2004). Legislation also requires that communities 
receive 20% of the revenues from license/conces-
sion fees, but existing research indicates that due 
to poor implementation of this policy, communities 
have not benefited from the commercialisation of 
forest recourses, as was envisaged (Salomão and Ma-
tose 2007). 1) While it is possible for communities 
to apply directly for forest concessions, the timber 
processing requirements demanded of license hold-
ers reduce the likelihood that they will do so (Ashley 
and Wolmer 2003).
Experiences from Forest Tenure Change
An array of practitioner and scholarly research has 
found that limited rights, or the lack of security of 
the rights, have undermined the anticipated positive 
effects of the tenure change and curtailed the benefits 
to local people (Agrawal and Ostrom 2001, Edmunds 
and Wollenberg 2003, World Bank 2006, Lund and 
Treue 2008). Similarly, restricted or insecure rights 
to forests undermine communities’ possibilities to 
benefit from the development of markets for envi-
ronmental services (Landell-Mills and Porras 2002, 
Molnar 2003). Lack of rights or regulatory barriers 
to extract and process forest products are, many ar-
gue, the reason why local communities have been 
impeded from benefiting from forest certification 
(Molnar 2003). 2)
In many cases, local level actors have gained 
rights to degraded forest areas. Within these areas, 
it has proven to be difficult to create sufficient ben-
efits based on forestry activities in the short term 
(Springate-Baginski and Blaikie 2007). In an effort to 
promote alternative sources of income, many donor-
funded projects have focused on creating immedi-
ate benefits in these degraded areas. In a handful 
of cases, positive results have accrued, such as the 
development of “non-timber forest products” in Laos 
(Morris et al. 2004, Singh 2005b), and lokta-based 
paper production in Nepal (Singh 2005a).
In some exceptional cases, where communities 
have been able to develop commercial timber pro-
duction, considerable employment and income for 
community members and for community develop-
ment projects has resulted. See Auzel et al. (2001) for 
small-scale logging in Cameroon, Singh (2005c) for 
1) For instance, community concessions in Guatemala provide 
rights, but not tenure.
2) Less than 4% (about 4 million hectares) of the Forest Stew-
ardship Council (FSC) certified forests are forests owned or 
managed by communities (FSC 2009).
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community sawmill development in Nepal, and de 
Camino and Breitling (2008) for community conces-
sions in Guatemala.
Likewise, secure rights to forests resources in 
local communities and villages in Gambia and Tan-
zania led to significant capacity building and local 
investments that combined to promote sustainable re-
source management (Lund and Treue 2008, Romano 
and Reeb 2008). At the same time, this and related 
research (Ribot and Peluso 2003, Nguyen 2005) has 
found that formal access to resources must also be 
matched with the capacity to invest in appropriate 
technological, capital, and labour requirements.
Other Important Considerations Relating to 
Land Tenure Reform
As expounded in the “Capacity-enhancing institu-
tions” section below, training and retraining of for-
estry officials is key for ensuring that tenure reforms 
lead to improved local livelihoods and sustainable 
development. Researchers have found that key train-
ing efforts should include educating community or-
ganisations about their legal rights, and how to enter 
into contracts, collect fees, and apply for subsidies 
and credit (Lindsay 1998).
Existing research has found that access to credit 
– needed for supporting investment in developing 
forest resources, small-scale forest-based enterpris-
es, and capacity building for NTFP or wood-based 
production and marketing – is missing from many 
current decentralisation efforts (Scherr et al. 2003). 
When such factors are present, there is evidence that 
incomes and employment can increase (Molnar et 
al. 2007).
Some argue that privatisation, or partial privatisa-
tion, of rights can create incentives for investing in 
tree planting or support the development of agrofor-
estry systems. However, the experiences from forest 
land allocation in Laos and Vietnam have shown that 
the effects of forest land allocation are location-spe-
cific and vary according to the household character-
istics (amount of land, labour), geographical loca-
tion (access to markets), and natural conditions that 
largely determine the production options for farmers. 
The livelihood effects have been closely connected 
to the amount of land the households have for food 
production; only better-off households can afford to 
invest in tree planting. In areas with sufficient amount 
of land for food production, forest land allocation 
and contracting has increased forest cover and the 
quality of the forest.
On the other hand, the impacts of forest land 
allocation have been small or even negative on the 
livelihoods of resource-poor households that suffer 
from food shortage (Hanoi Agricultural University 
2001). In Laos and Vietnam, one of the objectives 
of land allocation in upland areas has been to re-
duce the amount of land used for shifting cultiva-
tion. However, in the upland areas, the options for 
permanent cultivation are limited. Due to the de-
cline in soil fertility, the forest land allocation and 
limitation on the amount of land that can be used 
for shifting cultivation, has led to diminishing crops 
(Hanoi Agricultural University 2001, Castella et al. 
2002, Morris et al. 2004, Rock 2004). On the other 
hand, in some countries favourable market condi-
tions and the declining availability of forest products 
from natural forests have increased tree planting on 
private agricultural lands on small farms. This has 
been the case, for example, in the Philippines and 
Kenya (Bertomeu 2006, Carsan 2007).
The above clearly emphasises the importance of 
the careful assessment of the role of forest resources 
in the livelihood systems, and the production options 
available to the local people when considering the 
options for and the production possibilities created 
by privatising rights to forest land. In developing 
countries, forest land and trees should be seen as 
important components of the diversified production 
systems that form the basis for most of the smallhold-
er agriculture. This is also relevant for the different 
community-based forest management models.
Experience from Nepal has shown that the con-
dition of forests under community management has 
generally improved, leading to increased availabil-
ity of forest products (Dev et al. 2003, Yadav et al. 
2003). It has also increased livelihood opportunities 
through employment and new income opportunities. 
However, the poorest community members, who are 
most dependent on forest products, have often ben-
efited less from community forests than the better-off 
community members (Neupane 2003, Adhikari et 
al. 2004, Adhikari 2005, Dev and Adhikari 2007). 
The reasons for inequitable livelihood outcomes re-
late to the distribution of power among local actors, 
inequitable participation, and inequitable skills and 
capacities to benefit from resources.
Policies to strengthen local democracy and 
participation will need to address the fundamental 
socio-economic and cultural factors that lead to the 
marginalised position of women (for example) and 
the poorest community members in the forest re-
sources-related decision-making and benefit-sharing. 
The legitimacy, representation, and accountability of 
the organisation to which the management powers 
are devolved are crucial for equitable outcomes. In 
most cases, these organisations have been account-
able to forest authorities rather than the local people 
(Ribot 2002, Hobley 2007).
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23.4.4 Domestic Initiatives: 
Regulatory Responses
The above section was important for reviewing what 
types of tenure arrangements governments have in-
troduced to promote greater clarity over resource 
use, and to describe their balancing act in promoting 
economic development consistent with a neo-liberal 
agenda on the one hand, and an effort to involve 
forest-dependent stakeholders on the other. This 
review has reinforced the need to understand just 
what types of institutional configurations, including 
closed- and open-access arrangements, are needed 
to promote long-term sustainability over natural re-
sources. But what about the content of the regula-
tions such institutions develop? What, precisely, do 
policy specifications say about key “on-the-ground” 
forest management practices? How do they change 
behaviours to minimising impact on the natural 
environment, such as those in riparian zones? For 
an answers we draw on McDermott, Cashore, and 
Kanowski’s (2010) study of environmental practices 
policy specifications (the upper level right cell in 
Figure 23.1).
To answer this question, they develop a mea-
sure of the degree of “prescriptiveness” that unites 
a focus on “structure” and “method” (Figure 23.2). 
They first ask whether a policy is mandatory or vol-
untary. Then whether a policy emphasises procedures 
(“systems-based” policies) or is “substantive” (often 
referred to as “performance-based” policies) that di-
rectly requires a particular behaviour when undertak-
ing forest practices (Cashore 1997). 1) McDermott, 
Cashore, and Kanowski also review the actual thresh-
olds governing particular problems, such as riparian 
zone management. They find that a large majority of 
jurisdictions have developed mandatory substantive 
policies for riparian zones (Tables 23.2 and 23.3). 
However, some Western European countries have 
not standardised their buffer requirements, and a 
few regions of the world have taken an exclusively 
procedural approach (Madya Pradesh, New Zealand, 
and South Africa). There are voluntary substantive 
policies in around a quarter of the cases studied, al-
most exclusively from the US Southeast. Some of the 
greatest variation occurs at a sub-national level. The 
US Pacific Northwest has taken the most prescriptive 
approach, while the US Southeast is among the least 
prescriptive. However, the US federal “Clean Water 
Act” has exerted a moderate levelling effect on this 
difference, since compliance with voluntary buffer 
guidelines in the US Southeast can be regarded as 
proof of “due diligence” in meeting the requirements 
of the Act.
Two striking findings emerge from their research. 
First, environmental prescriptions governing forest 
practices are lowest on private land in developed 
countries. This finding stands in contrast to those 
who evoke Hardin and neo-liberal norms to assert 
that private land is better managed. Second, it is not 
the case that only developed countries have high 
environmental forest practices specifications. Many 
developing countries have rules at a higher thresh-
old level and prescriptiveness than jurisdictions in 
wealthy developed countries. The implications are 
important. Instead of focusing on sovereignty in-
fringing international agreements regarding binding 
forest practices that many developing countries al-
ready have developed within their domestic policy, 
international efforts might be better placed on help-
ing them develop capacity to enforce and implement 
these rules on the books, with the ultimate goal of 
promoting behavioural changes.
At the same time, recognition that policy specifi-
cations show a high degree of prescriptiveness does 
not mean that these translate into observable be-
Most prescriptive Least prescriptive 
Mandatory Voluntary No Formal 
written 
regulations  
Substantive Procedural  Substantive Procedural   
Figure 23.2 regulatory policy approaches and direction of increasing policy percep-
tiveness. Adapted from Cashore 1997 and Mcdermott et al. 2010.
1) As Figure 23.1 illustrates and McGinley (2008) finds what 
matters most is understanding the direct and indirect effects of 
these regulations on behaviours and the environmental, social 
and economic challenges to which regulations are focused.
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havioural changes. Many developing countries lack 
the resources, capacity, and training with which to 
ensure they translate into on-the-ground behaviours; 
and many appear to have developed these policies 
without any serious intention of following through 
on enforcing them. Understanding and closing the 
gap between formal policy requirements and their 
effective enforcement or application in the field is a 
critical need. Indeed, this is the crucial issue at the 
center of understanding the ability of forest insti-
tutions to adapt to new challenges, reinforcing our 
point in 22.6 that this relationship must be seriously 
and systematically integrated by political and policy 
scientists into their research on governance institu-
tions.
23.5 Non-state governance 
Institutions
Ever since the early 1990s, many forest-focused 
stakeholders turned to creating non-state institutions, 
many of which focused on market-based incentives, 
to see if they might be able to improve management 
practices in the field (Auld et al. 2010). Much of 
the explanation for this focus can be found on the 
part of ongoing frustrations about the inability of the 
international and state-centred processes reviewed 
above to adapt to, and ameliorate, the range of ac-
celerating problems. We focus our review on three 
distinct but related efforts that have been important 
for understanding the emergence of private institu-
tions governing global forests: forest certification, 
corporate social responsibility initiatives, and NGO-
industry partnerships.
table 23.3 Average level of prescriptiveness by level of development and land owner-
ship type across five environmental practices measures (riparian buffers, road building, 
clearcutting, reforestation, annual allowable cut) (scale 0–10, 10=most prescriptive, 
0=least prescriptive)1)
level of development* public private Communal total
Developed countries 8.8 3.4 N/A 6.1
Developing countries 6.7 6.0 7.0 6.6
*Level of development addresses the relative per capita Gross Domestic Product (GDP) and Human Development Index 
(HDI) ranking. Based on data from 2004 (which is the most recent data included in FAO forest resources inventories), 
“developing” refers to countries with a per capita GDP of less than USD 10 000 and an HDI ranking below the top 33 
countries worldwide. “Developed” refers to the rest.
1) Because this hypothesis is attempting to identify broad trends that result from our focus on riparian zones, this table 
presents data from our broader regulatory analysis that includes, in addition to riparian zone regulations, four other areas 
that concern practices of forest management: clearcutting; annual allowable cut, road building, and reforestation, all of which 
are detailed in McDermott et al. 2010.
table 23.2 Average # of regulatory parameters1)/ size classes per case study 
for streamside riparian buffer zones by region.
 Average # of classification Average # of buffer size
 parameters classes
N America 3.2 5.5
(US PNW) 7.7 13
W Europe 0.8 1.5
Asia 0.5 1.5
E Europe 1 4
L America 2.3 6.7
Oceania 2.3 6.6
Asia 0.5 1.5
Africa 0.5 1
Source: McDermott et al. 2010.
1) The objective of this table is to give an overall sense of complexity. The precise number of parameters would 
vary depending on how fine or coarse the analysis. For example, classifications that specified “fish” presence 
in this case were distinguished from those specifying “anadromous” fish. However all “soil” parameters were 
lumped into one category due to the complexity and variation in soil classification systems.
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23.5.1 Forest Certification
A decade and a half ago, one of the most innovative 
institutions in global forest management was created 
through the global supply chain-focused institution 
known as “forest certification” or “non-state mar-
ket-driven” (NSMD) global governance. The idea 
of certification was first raised at the international 
level by NGOs in the context of the ITTO in 1989 
(Gale 1998, Elliott 2000). The idea of product label-
ling was met with resistance from tropical producer 
countries, and never evolved within the ITTO beyond 
the level of “research” and debate.” This limited ef-
fort, combined with a general frustration of many 
of the world’s leading environmental groups over 
the failure of intergovernmental efforts to achieve 
a binding global forest convention, led the World 
Wide Fund for Nature (WWF) to spearhead a coali-
tion of environmental, social and business activists 
to establish the Forest Stewardship Council (FSC) 
certification program in 1993. The approach of the 
FSC was designed to address many of the asserted 
failures noted above. First, it promoted a gover-
nance approach in which business interests could 
not dominate the policy-making process – a direct 
rebuke to their concerns that many domestic and 
intergovernmental efforts appeared “captured” by 
the very business interests they sought to regulate. 
However, instead of dismissing neo-liberal ideas 
that so many argue were at the heart of the business 
captured and institutional failures noted above, FSC 
strategists sought instead to embrace global markets 
by “embedding” in them socially and environmen-
tally responsible business practices.
This means that, if successful, these efforts could 
create a “win win” solution by simultaneously cham-
pioning the goals of neo-liberal markets; ameliora-
tion of deteriorating environmental functions of the 
world’s forests; and the promotion of poverty allevia-
tion, indigenous rights, and community participation. 
This may explain why the World Bank has been so 
instrumental in supporting FSC-style certification, 
as it represents an opportunity to support their ongo-
ing efforts to promote socially and environmentally 
responsible practices in ways that are consistent with 
their broader neo-liberal goals.
For all these reasons, the FSC came to develop 
ten (abstract) principles governing responsible forest 
management goals, with concrete criteria detailing 
policy objectives. The “principles and criteria” of 
the FSC were developed to be both prescriptive and 
wide-ranging, addressing a host of natural resource 
management challenges, including biodiversity, local 
water pollution, and wildlife protection, as well as 
community rights and worker protection (Meiding-
er 2003). Specific policy prescriptions were to be 
developed through national or sub-national multi-
stakeholder bodies that were charged with incorpo-
rating ecological and social knowledge into those 
prescriptions. Third-party auditors were then accred-
ited to conducting “on-the-ground” audits of firms 
for compliance and, if successful, firms were then 
awarded with an eco-label with which to promote 
their corporate image, as well as to meet demand 
along the supply chain for “certified products” (Table 
23.4).
While many firms and forest sectors initially 
balked at the idea of outside scrutiny of their forest 
practices, by the mid-2000s, two discernible trends 
had emerged. First, most industrialised countries in 
North America and Europe came to embrace third-
party certification, though many supported “FSC 
competitors” that emerged in the 1990s as an al-
ternative choice to the FSC. These alternative pro-
grams were generally much more flexible than FSC 
standards, leaving specific decisions about what to 
do to meet objectives up to the firm, rather than the 
certification program (Table 23.5). In addition, be-
cause these were initiated by forest owner and/or for-
est industry associations, their governance structures 
table 23.4 Key Features of NsMd governance.
Role of the state State does not use its sovereign authority
 to directly require adherence to rules
Institutionalized governance mechanism Procedures in place design to created adaptation, inclusion,
 and learning over time across a wide range of stakeholders
The social domain Rules govern environmental and social problems
Role of the market Support emanates from producers and consumers along
 the supply chain who evaluate the costs and benefits of joining
Enforcement Compliance must be verified
Source: Adapted from Cashore 2002; Cashore et al. 2004a, b; Bernstein and Cashore 2005.
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tended to downplay the role of environmental groups 
either by giving a greater role to producer interests, to 
non-environmental stakeholders, or to conservation 
groups that are closer to the center of the political 
spectrum. Partly as a result, these FSC alternatives 
were more limited in scope than the FSC, which 
pleased some forest owners, who felt that while well-
intentioned, the FSC requirements were simply too 
cumbersome and/or too expensive in excess of what 
current markets could support. By the 2000s, most 
of these “FSC alternatives” have come to be housed 
under the Program for the Endorsement of Forest 
Certification (PEFC) (Vallejo and Hauselmann 2001, 
Humphreys 2006a).1)
Many PEFC-endorsed systems, such as the Sus-
tainable Forestry Initiative (SFI) in North America, 
focus more on a systems- or process-based approach 
to forest management, while the FSC approach ad-
dresses management prescriptions, processes, and 
performance. For these reasons, FSC standards are, 
in general, much more “prescriptive” than those de-
veloped by PEFC programs.2)
While many use these differences to highlight 
ongoing power struggles among environmental, so-
cial, and business interests, the public competition 
for legitimacy between the FSC and domestic “FSC 
competitors” has meant that although significant 
and sustained differences exist along the lines of 
these core conceptions, strategic changes have been 
made such that no single conception perfectly domi-
nates any one program (Cashore et al. 2004a, 2007; 
Overdevest 2010). What is crucial for our study is 
to reflect on how these private certification institu-
tions reflect and mediate efforts to promote different 
concepts of resource management.
For these reasons, scholars and practitioners have 
begun to focus on the evolution of support for these 
systems, which must overcome a “chicken or egg” 
conundrum inherent to market-based systems (Table 
23.6) in which the requirements cannot be so high 
as to put supporters at a competitive disadvantage, 
while they can’t be so low that they fail to make a 
difference. Recognition of this conundrum requires 
that scholars and practitioners be sensitive to under-
standing the causal pathways in which support for 
such institutions might evolve “progressively incre-
mentally” over time. This means paying attention 
to the way in which firms supporting certification in 
relatively regulated markets might create incentives 
for firms in less regulated markets to be enticed, 
through economic incentives, to support certification 
and hence “ratchet up” their performance. Such a dy-
namic requires that certification systems recognize, 
rather than increase, existing public policy regula-
tory requirements. In this case, support from these 
firms at “Time 1” would be used to send a signal to 
firms elsewhere that access to these lucrative markets 
requires that they bring their standards up to those of 
the participating firms (rather than increasing stan-
dards on those already the most regulated).
Results to Date
As of 2009, about 9% (3 443 million ha) of the 
world’s 3.9 billion ha of forests were certified (Table 
23.6). Of this, the PEFC had enrolled about 65% 
(223 million ha) in forest management certification 
through participating programs, including 57 million 
ha in Europe and 145 million ha in the Americas. In 
2009, the FSC had certified about 116 million ha 
of forests around the world (34% of total certified 
forest area). The difference in area certified under 
these systems is attributed in part to their differences 
in application; the FSC system certifies individual 
forests and the PEFC endorses forests certified under 
existing certification schemes. These tables reflect a 
snapshot of what is a highly dynamic and evolving 
process. For instance, by the end of December 2005, 
the PEFC had certified over 186 million ha of forests 
1) The FSC Principles and Criteria include: (1) Compliance 
with laws, international agreements, and FSC principles; (2) 
Tenure and use rights and responsibilities; (3) Indigenous 
people’s rights; (4) Community relations and worker’s rights; 
(5) Multiple benefits from the forest; (6) Environmental im-
pact and biodiversity conservation; (7) Management plans; (8) 
Monitoring and assessment; (9) Maintenance of high conser-
vation value forests; and (10) Plantations.
2) The PEFC Objectives include: (1) Ensure long-term har-
vest levels based on the use of the best scientific informa-
tion available; (2) Ensure long-term forest productivity and 
conservation of forest resources through prompt reforesta-
tion, soil conservation, afforestation; (3) Protect water qual-
ity in streams, lakes, and other water bodies; (4) Manage 
quality and distribution of wildlife habitats and contribute to 
the conservation of biological diversity; (5) Manage visual 
impact of harvesting and other forest operations; (6) Man-
age Program Participant lands that are ecologically, geologi-
cally, historically, or culturally important in a manner that 
recognises their special qualities; (7) Promote the efficient 
use of forest resources (8) Broaden the practice of sustainable 
forestry through procurement systems; (9) Improve forestry 
research, science, and technology; (10) Improve the practice 
of sustainable forest management by resource professionals, 
logging professionals, and contractors through training; (11) 
Comply with federal, provincial, state, or other local laws 
and regulations; (12) Broaden the practice of sustainable 
forestry by the public and forestry community and publicly 
report progress; (13) Promote continual improvement in the 
practice of sustainable forestry and monitor, measure, and 
report performance.
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in 19 countries (an increase of more than 120 mil-
lion ha in 2005), while the FSC had certified over 68 
million ha in 66 countries (an increase of about 15 
million ha in 2005) (Humphreys 2006a). However, 
between 2006 and 2008, the area of certified forests 
under the FSC had increased by 35 million ha, while 
the area of certified forests under PEFC increased by 
about 16 million ha. (During this period, the PEFC 
had not endorsed any new certification schemes.)
While Table 23.6 presents a global snapshot, 
Figure 23.3 presents a conundrum: much of the 
support for FSC and PEFC certification has come 
from North America and Europe, in which policy 
enforcement is relatively strong (Esty and Porter 
2002) and in which, at least on public lands, public 
policy prescriptions are high. Yet widespread support 
in developing countries in general, and the tropics in 
particular, continues to elude strategies. After more 
than a decade, less than 5% of the global area of certi-
fied forests is found in the tropics. This is troubling, 
since for many, certification was championed as a 
non-state alternative for decreasing the destruction 
and degradation of tropical forests in place of inef-
fective government interventions, boycotts on tropi-
cal timber, and unsuccessful attempts to develop a 
globally accepted binding agreement on sustainable 
forestry (Atyi and Simula 2002).
Hence, understanding how this current level of 
support might eventually translate into broader sup-
port in the global South is one of the key questions 
table 23.5 Conceptions of Forest Certification.
 Conception One Conception two
National Belief that domestic states should Respects rights of countries to determine
Sovereignty be constrained through development forest policies appropriate for operations
 of global requirements/standards within their own borders
Who participates Environmental and social interests Business-led
in rule making participate with business interests
Rules – substantive Non-discretionary Discretionary-flexible
Rules – procedural To facilitate implementation End in itself (belief that procedural rules
 implementation of substantive rules by themselves will result in decreased
  environmental impact)
Policy Scope Broad (includes rules on labor and Narrower (forestry management rules
 indigenous rights rights and wide and continual improvement)
 ranging environmental impacts)
Source: Cashore 2002.
table 23.6 Major Forest Certification systems in the world, October 2009.
system Area
  (million ha)
Program for Endorsement of Forest Certification (PEFC)1) 2231)
 Sustainable Forestry Initiative (SFI) 71
 Canadian Standards Association (CSA) 74
 American Tree Farm System (ATFS) 10
 Sistema Chileno de Certificación Forestal (CERTFOR) 2
 Sistema Brasileiro de Certificação Florestal (CERFLOR) 1
 Australian Forestry Standard (AFS) 8
Forest Stewardship Council (FSC) 116
Malaysian Timber Certification Council 5
TOTAL (PEFC, FSC, ATFS2), MTCC3)) 344
1) Includes SFI, CSA, CERTFOR, CERFLOR, ATFS and 57 million ha in Europe as of October 2009.  
   Sources: www.fsc.org and www.pefc.org.
2) American Tree Farm System.
3) Malaysian Timber Certification Council.
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by which to understand whether and when private 
institutions might be able to adapt and respond to 
new challenges in ways that either bypass or inter-
sect with intergovernmental and domestic efforts. As 
we discuss in the Conclusions, these recognitions 
have placed simultaneous attention on understanding 
whether and when more modest efforts certifying 
legality might be used as a way to nurture certifica-
tion in the long run (Cashore et al. 2007).
Obstacles
Obstacles to widespread certification of tropical 
forests include limited market demand for certified 
forest products; the costs of improving conventional 
or traditional tropical forest management; conflict or 
incompatibility of certification standards with local, 
legal forest frameworks; poor incorporation of local 
land-use contexts in certification standards and pro-
cesses; and additional barriers for small landowners 
and forest communities without clear title or tenure 
(Atyi and Simula 2002, Meidinger et al. 2003, May-
ers and Bass 2004). Additionally, Richards (2004) 
argues that increased forest certification in the tropics 
must be preceded by reductions in illegal logging 
(rather than certification serving to decrease illegal 
logging). As he notes, illegal logging depresses tim-
ber prices, thus increasing the financial burden of 
certification and effectively reducing its economic 
persuasiveness.
Several efforts have examined the impacts and 
costs of forest certification, and generally indicate 
that certification has changed management practices, 
albeit not without costs. Auld et al. (2008) found that 
area of land certified and the number of chain-of-
custody certificates have increased dramatically in 
the last 15 years. They concluded that while audits 
have ensured that certified forests have resulted in 
changes in practices, patterns of adoption initially 
seemed somewhat more focused on internal monitor-
ing and system changes rather than on forest man-
agement, or on environmental and social changes, 
raising questions about broad-based effectiveness. 
Furthermore, they found no broad scale correlations 
between support for certification and reduction of 
deforestation or increased forest conservation at the 
landscape level.
Rickenbach and Overdevest (2006) assessed 
certification expectations and satisfaction with FSC 
certification in the US. They found that certification 
participants had the greatest expectations for market 
benefits, such as higher prices or increased market 
share, but their satisfaction did not meet expecta-
tions, particularly in terms of increased prices for 
certified products. “Signalling” benefits of increased 
recognition for one’s forest practices and public rela-
tions did not garner as high expectations, but ranked 
highest in terms of participants’ satisfaction with 
certification. In many cases, satisfaction with sig-
nalling benefits exceeded expectations. “Learning” 
about new forest management practices – finding 
better forest management, environmental, social, and 
economic practices through certification – ranked 
third in terms of expectations.
Cubbage et al. (2009) surveyed opinions about the 
benefits of forest certification, classifying responses 
into corporate strategy, markets, signalling, or learn-
ing categories in the Americas, including systems in 
the United States, Canada, Brazil, Argentina, and 
Figure 23.3 Certification by region.
Sources: ATFS 2004, FAO 2005a, PEFC 2009, FSC 2010, SFI 2010.
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Chile. Respondents generally classified the benefits 
of firm strategic or management reasons highest, or-
ganisational learning factors second, signalling stew-
ardship to external groups third, and improved prices 
or markets last, but all broad groups were considered 
important benefits of certification. The largest per-
ceived disadvantages of forest certification were its 
time and audit costs, and no other disadvantage was 
rated more than “somewhat important.” Certified for-
est firms had relatively evenly mixed opinions about 
whether certification benefits exceeded costs, but a 
large majority stated that they would continue forest 
certification in the future.
Cubbage et al. (2009) also examined the costs 
of forest certification in the Americas. Average to-
tal costs varied considerably, depending on forest 
ownership size, certification system, and country. 
Median average total costs ranged from USD 6.45 
to USD 39.31 per ha per year for small tracts of less 
than 4 000 ha. The large ownerships of 400 000 ha or 
more had median costs of USD 0.07 to USD 0.49 per 
ha per year. Average total costs for certification were 
a function of ownership size, but did not vary signifi-
cantly among certification systems or country.
In a work in progress, the same authors examined 
the number of changes in forest practices in North 
and South America with certified organisations. All 
firms made numerous changes as part of their for-
est certification – both those officially required to 
become certified and additional changes, as well. 
On average, firms made 27 different management, 
environmental, social, legal, economic, and system 
changes when certified by FSC and PEFC in Ar-
gentina and Chile; and 15 changes when certified 
by private and public organisations in the US and 
Canada for SFI (PEFC), and the US for FSC. All 
firms made changes across all components of forest 
certification, but there were generally more environ-
mental changes made by FSC organisations and more 
economic and environmental management system 
changes by PEFC organisations.
These and other external examinations of the 
impacts of forest certification suggest that this in-
novative policy approach has not currently resulted 
in an effective non-state mechanism for enhancing 
the sustainability of tropical forest management, 
although significant progress has been made for 
temperate forests. Without increased demand for 
certified forest products and enhancements in local 
forest governance, particularly in the tropics, the cer-
tified proportion of the world’s forests is not likely to 
significantly increase anytime soon. This means that 
attention must be placed on nurturing such support, 
which we address in the Conclusions, or in assess-
ing how certification institutions might encourage 
norm generation and learning that would shape and 
influence potentially authoritative governmental in-
stitutions (Auld et al. 2010). This may indeed be 
the most important role of the more abstract and 
flexible myriad “corporate social responsibility” ef-
forts that have emerged to promote responsible forest 
management.
23.5.2 Corporate Social Responsibility
Corporate Accountability and Corporate Social Re-
sponsibility (CSR) are forms of voluntary self-regu-
lation in which industry or professional associations 
establish codes of conduct and practice outside of 
governmental processes (Gunningham et al. 1998). 
Renewed interest in the “new CSR” in the last 10 
years is distinguished from the “old CSR.” Whereas 
the latter focused on corporate philanthropic activi-
ties that usually had little to do with the firm’s core 
business practices (such as creation of the Carnegie 
libraries and the Ford Foundation’s philanthropic ef-
forts), the former is squarely focused on internalising 
a firm’s negative externalities (Vogel 2005). Instead 
of explicitly or implicitly diverting attention from an 
environmental or social concern arising from a firm’s 
core business activity, the new CSR occurs when the 
firm’s officials address such issues directly (Vogel 
2005, Auld et al. 2008).
CSR has drawn increasing attention in recent 
years, particularly as escalating globalisation con-
nects globally operating corporations with local com-
munities worldwide. Legal requirements for business 
or industry in one country may differ significantly 
from those in another, leading some corporations 
to move their operations to places with less strin-
gent environmental and social regulations. Yet, in 
an increasingly connected and globalised world, 
corporations are subjected to a broader range of 
public scrutiny and expectations that increasingly 
encompass calls for environmental and social justice. 
These align themselves well with global concepts of 
sustainable development, and have thus formed the 
basis of most CSR schemes and reporting.
Associating CSR with sustainable development 
has become so common that CSR reporting is typi-
cally referred to as “sustainability reporting.” Price-
WaterhouseCoopers (2007) reports that 61of the 100 
largest forest products companies in the world have 
produced some form of sustainability reports. As a 
broader example, a Corporate Social Responsibility 
program and website had almost 1700 member firms 
that employ the site for demonstrating their CSR 
efforts, policy statements, reports, and even videos 
and blogs (CSRwire 2009). Yet, Panwar and Hensen 
(2008) indicate that CSR reports do not necessarily 
guarantee that companies are making commitments 
beyond the status quo in terms of society and the en-
vironment, as many of the social and environmental 
indicators reported are often already largely part of 
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local legislative requirements.
In terms of the forest products sector, self-reg-
ulation may be implemented by producers, such as 
Canadian forest products giant Domtar (Auld 2006), 
Finnish-based Stora Enso (Stora Enso 2010), and a 
range of other forestry firms across North America 
and Europe (Cashore et al. 2007). Some of these 
incentives come from targeted NGO “market cam-
paigns” (Sasser et al. 2006), but also from retailers 
such as Home Depot and IKEA, which have devel-
oped policies to promote and sell FSC-certified forest 
products (Anderson 2004, Cashore et al. 2004b). The 
Home Depot is the world’s largest home improve-
ment retailer and was the first such retailer in the 
USA to develop a preferential purchase program 
for certified wood products. Today, Home Depot 
is the largest purchaser of certified wood products 
in the USA and supports further development of 
the certified wood products supply chain through 
membership in the Global Forest and Trade Network 
(Home Depot 2009). IKEA is one of the world’s 
largest home furnishings retailers. The company is a 
member of the Forest Stewardship Council (Cashore 
et al. 2004a), and has established long-term goals 
of sourcing 100% of the wood in its products from 
certified sustainable sources (IKEA 2010). IKEA is 
strongly motivated to support certification as a means 
to achieving its CSR goals and, as a result, generally 
does not label its own products with a certified forest 
products label, preferring instead to create awareness 
for IKEA’s overall responsibility efforts, of which 
support for FSC is one component (Cashore et al. 
2004a).
Major corporations with worldwide reach are 
increasingly embracing CSR and similar initiatives 
(Lockett et al. 2006, Auld et al. 2008, Matten and 
Moon 2008, Utting 2008, Crane et al. 2009). As 
Hodak (2008) notes, these initiatives not only in-
crease societal and environmental benefits, but also 
pay off in terms of public relations, human resources, 
and even cost savings. Vogel (2008b) suggests that 
private global business regulation has expanded 
through economic globalisation, the lack of adequate 
state mechanisms at both national and international 
levels to govern global firms and markets, and the 
increasingly prominent role of NGOs in global poli-
tics. He adds that corporations have acquiesced to 
self-regulation to avoid activist campaigns, promot-
ing internal CSR acceptance as being consistent with 
their business objectives and their expanded view of 
responsible business norms and values.
On the other hand, Vogel (2008a) warns that while 
a “market for virtue” does exist, it is very limited. Part 
of the reason why CSR does not necessarily pay is 
that only a handful of consumers know or care about 
the environmental or social records of more than a 
handful of firms. Like certified wood products, prod-
ucts tied to CSR represent a limited niche market, 
while most goods and services are purchased on the 
basis of price, convenience, and quality. “The market 
has many virtues, but reconciling corporate goals and 
public purposes is, unfortunately, not among them. 
Managers should (author’s emphasis) try to act more 
responsibly, but they should not expect the market 
to necessarily reward them – or punish their less 
responsible competitors” (Vogel 2008a).
What is important from this review is that CSR 
efforts appear to have been very strong in raising on 
the public and private policy agendas the importance 
of firms to take responsibility for environmental and 
social goals. Whether and how they actually result in 
creating and supporting effective institutions may re-
quire assessing how these efforts intersect with more 
authoritative institutions. Attention to this may re-
quire reflecting on how coalitions of firms and NGOs 
might create new networks or help foster institutional 
intersection, which we argue in the Conclusions, is 
paramount to building the next generation of forest 
governance institutions. As the next section reveals, 
there appears much merit in such an approach.
23.5.3 NGO and Firm Partnerships
While individual firms or companies may adopt CSR 
and Corporate Accountability schemes aimed at im-
proving business practices from forest management 
to forest products consumption, even large-scale, in-
dividual companies such as Home Depot or IKEA 
have not had sufficient power to effectively identify 
and influence the sustainable demand and supply 
from the global forest products sector. Consequently, 
individual firms have joined together to form partner-
ships among themselves, as well as with producers 
and, in some cases, NGOs, aimed at increasing the 
transparency of the supply chain and the demand for 
sustainably produced, verified, and certified forest 
products (Caviglia-Harris et al. 2003).
For instance, the Global Forest Trade Network 
(GFTN) is a partnership of forest products consum-
ers, producers, and NGOs that promotes interna-
tional trade in certified forest products as a means 
of achieving improved forest management practices 
around the world. Initiated by the World Wildlife 
Fund, the GFTN seeks to raise private-sector aware-
ness of the impacts of poor forestry practices, and to 
influence policies that govern forest product procure-
ment in all sectors. Network participants engage in 
some degree of self-regulation (of industry, which 
commits to produce and trade only verified or certi-
fied forest products), while benefiting from market 
influences aimed at increasing the demand and sup-
ply of sustainably produced products (Humphreys 
2006a, Tacconi 2007). As of April 2009, the GFTN 
included 339 participants from 30 countries, which 
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annually trade over 260 million m3 of wood products 
in roundwood equivalents from more than 39 mil-
lion ha of forest, 21 million ha of which were FSC 
certified (WWF 2009).
Another demand-side partnership is the United 
Kingdom (UK) Timber Trade Federation (TTF) 
(Tropical Forest Foundation 2009), whose partici-
pants represent about 85% (by volume) of the total 
timber brought into the UK (Brack and Saunders 
2006). The TTF Code of Conduct requires its mem-
bers commit to removing illegal timber from their 
supply chains. The TTF also incorporates a Respon-
sible Purchasing Policy (RPP) that helps its mem-
bers deliver on their commitments through a supplier 
risk-assessment tool. Adherence to the purchasing 
policy is voluntary (Tropical Forest Foundation 
2009). Members that were the subject of negative 
NGO campaigns or that have faced public scrutiny 
have been quicker to adopt the RPP, while smaller 
and less risk-sensitive companies have been reluctant 
to commit to the policy without the assurance of price 
premiums or markets for verified products (Brack 
and Saunders 2006). These examples point to the 
need to better understand the precise mechanisms 
though which such support emerges so that it may 
progress incrementally to promote problem-focused 
evolution of authoritative institutions.
23.6 Capacity-enhancing 
Institutions
The above review has identified a number of key 
challenges and opportunities regarding institutional 
development and impacts at the international, re-
gional, and domestic levels. The review has made it 
clear that any analysis of institutions and their poli-
cies must simultaneously be attentive to understand-
ing whether, when, and how the resources, knowl-
edge, and expertise to adapt over time are available 
to rural communities, whose behaviours constitute 
the focus of these governance institutions. Such 
questions require that we expand beyond a focus on 
“governance” institutions to review those institutions 
that nurture knowledge creation, contribute exper-
tise, and channel diverse resources and incentives 
to stakeholders involved in forest conservation and 
management. In this regard, a number of institutions 
stand out as key for developing such capacities: the 
role of educational, training, research, and exten-
sion institutions whose interactions with stakehold-
ers, communities, and practitioners may contribute 
to an interactive learning environment critical for 
translating and adapting policy interventions toward 
meaningful results; and the additional role of gov-
ernment bureaucracies, qua institutions, to foster 
efforts that are efficient, effective, and supported 
by the communities whose environmental, social, 
and economic challenges they seek to address. We 
argue that nurturing these efforts helps to reinforce, 
and respond to, the concerns of local communities 
by simultaneously building a “logic of appropriate-
ness” in which their interests, concerns, and views 
are incorporated rather than steered, while enhancing 
a “logic of consequences” by improving actual deliv-
ery and impacts in ways that are efficient, equitable, 
and adaptable.
23.6.1 Institutions Involved in 
Capacity-Building and Training
Much of the early efforts to promote the forest sec-
tor were largely focused on industrial forests. In 
these cases, governments or development agencies 
often developed “top-down” efforts in which rural 
communities were seen as beneficiaries of their pro-
grams and largesse. As policy goals and objectives 
evolved and diversified, scholars and practitioners 
began to realise that more “bottom-up” approaches 
were key for developing institutions that might be 
more enduring and adaptive. Partly in response, non-
governmental organisations began to engage with 
forest-based communities to encourage and create 
capacity for participatory approaches to SFM. Such 
local participation has not just been nurtured through 
community organisations, but also through economic 
development efforts that have nurtured small and 
medium forest enterprises whose employees and 
owners are from the local forests being governed 
(including community-based enterprises and conces-
sionaires) (Kenny-Jordan 1999, Donovan et al. 2006, 
Sabogal et al. 2008). This diversification has been 
accompanied by varying degrees of empowerment 
of community-based organisations and has led to a 
greater understanding of the scope and diversity of 
knowledge and skills required for SFM, including 
the following:
◆ social and organisational aspects ranging from 
strategic and operational planning to the know-
how required for carrying out effective negotia-
tions, conflict management, and gender issues 
(Galloway 2007);
◆ ecological and technical aspects, including re-
search and monitoring capabilities;
◆ business development and administration aspects 
crucial for the development and consolidation of 
small and medium forest enterprises, including 
community-based enterprises (Donovan et al. 
2008);
◆ political-legal aspects and governance to better 
inform community groups and other stakeholders 
about elements of the political and legal frame-
23 ABILITY OF INSTITuTIONS TO ADDRESS NEw CHALLENGES
469
23 ABILITY OF INSTITuTIONS TO ADDRESS NEw CHALLENGES
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
work that directly affect the viability of SFM ini-
tiatives; and
◆ networking, communication, and information 
exchange (Kleine et al. 2005).
Since the experience of local actors and the insti-
tutional framework varies greatly from one setting 
to another, capacity-building needs also evolve and 
change. This reality is one of the underlying chal-
lenges of institutions involved in capacity building 
and technical assistance (Galloway 2007). Although 
forestry projects have tended to stress the technical 
dimensions of management, local actors will gener-
ally indicate other training priorities if consulted. For 
example, representatives of indigenous communi-
ties in Nicaragua indicated their desire to understand 
forestry laws and legislation that affected their op-
portunities to participate in forest management. Also 
considered a priority was a course explaining – in 
understandable terms – the objectives and content of 
forest management plans, since they perceived forest 
management as a potentially effective way to curb 
encroachment on traditionally indigenous lands. In 
the Mosquitia of Honduras, community members 
expressed interest in learning about alternative types 
of communal organisations in the country, and at-
tributes that favoured or undermined their effec-
tiveness from an economic perspective (Galloway 
2007). These examples serve to illustrate the breadth 
of capacity-building needs.
Beyond the breadth of topics that must be ad-
dressed in capacity-building efforts, it is also im-
portant to recognise that these efforts must target 
different levels. A wide array of persons influences 
what happens in forests and protected areas. For that 
reason, capacity-building must target each of the fol-
lowing groups at different junctures of time:
◆ Representatives of community groups and oth-
ers directly linked to forests (rural communities, 
indigenous groups, concessionaires, persons con-
tracted by private companies, and forest work-
ers). Efforts must be made to utilise appropriate 
language and accessible terminology in activities 
targeting these groups.
◆ participants in production and value chains
◆ field technicians and workers
◆ project staff of NGOs and other organisations
◆ representatives from universities and technical 
schools
◆ decision-makers
Capacity-building activities are costly and time-
consuming. Although the formulation of a good 
capacity-building strategy in a given region can help 
to ensure that efforts undertaken are efficient, effec-
tive, and relevant, they are often lacking (Galloway 
and Zamora 2000).
23.6.2 Institutions Involved in  
Research and Higher Education
Institutions involved in research and higher educa-
tion must prepare professionals and technicians with 
a skill set quite different from what was taught in 
forestry education a generation ago, just as current 
needs will be different a generation from now. Al-
though the need for change in forestry education 
has been recognised for quite some time, recent 
comprehensive studies in Africa and Latin America 
have concluded that many forestry schools can be 
relatively slow to adapt to the new paradigms in for-
estry (Encinas and Mañon 2007, Temu et al. 2007). 
Another study focusing on Southeast Asia found that 
even when curriculum development was the highest 
priority, changes were made on an ad hoc, rather 
than a systematic basis (FAO et al. 2005). These 
reviews have highlighted that across the globe and 
despite considerable efforts by academic institutions, 
many curricula are outdated and fail to address cur-
rent needs of the sector, such as integrated natural 
resources management, forest governance, forest 
biodiversity, forests and climate change, forests 
and livelihoods, and forest enterprise development, 
among others (IPFE 2008).
Part of the explanation for this gap is that there 
is now growing recognition that forestry is a multi-
disciplinary pursuit that must interact with other 
sectors and a growing array of stakeholders. Forest 
practitioners must be prepared to understand the role 
of forests in a diverse landscape and to facilitate pro-
cesses involving multiple stakeholders. The former 
requires greater scientific understanding of ecological 
processes, while the latter requires that knowledge 
of human systems be coupled with communication 
skills. As Sayer and Elliot (2005) explain, “all this 
adds up to make forestry an even more challenging 
and exciting profession in the coming century.”
Yet at least three factors are working to push 
away from such integration. First, in the last ten 
years, there has been a noticeable decline in enrol-
ments in forestry faculties (FAO et al. 2005, IPFE 
2008, Temu and Kiwia 2008), which appears to re-
flect broader societal concerns about what it means 
to practice forestry management, as well as uncertain 
employment opportunities. Second, declines in en-
rolment have placed educational institutions in the 
unenviable position of having to retool but without 
the resources required to make this costly transition. 
Third, although the drivers of change discussed in 
this book have led to some opportunities for forestry 
professionals to be involved in global deliberations, 
they have not translated to corresponding employ-
ment opportunities in many countries. Consequently, 
although a perceived need for change exists, the im-
petus and resources to undergo this change are often 
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lacking (FAO et al. 2005, Encinas and Mañon 2007, 
Temu et al. 2007).
Beyond efforts to update and improve the quality 
of curricula, other approaches are being utilised to 
enhance the quality of forestry education: continuing 
education opportunities for professors and practi-
tioners, exchanges and cooperation among univer-
sities, greater emphasis on ethics and values, and 
the development of shared programs. Advances in 
information technology and communication should 
help foster linkages among research and educational 
institutions in coming years to better meet the chal-
lenges indicated.
Most accept that the key ingredient is to play a 
leadership role in fostering the generation of relevant 
research so that such results can be disseminated 
through education and teaching. Yet surprisingly, 
many research institutions do not appear to be mak-
ing these connections a formal priority. For instance, 
more than half of forestry schools in Latin America 
reported that they did not systematically link research 
to education (Encinas and Mañon 2007), while simi-
lar blockages have been found in Africa (Temu et 
al. 2007).
Consequently, in a moment when the complexity 
of forestry is increasing and the need for information 
to drive decisions is greater than ever, research capac-
ity in many parts of the world has stagnated or dimin-
ished, especially in developing countries (Spilsbury 
and Kaimowitz 2002). This has resulted in key ques-
tions receiving scant attention, such as research on 
the composition and development of forests, genetic 
diversity and regeneration, as well as a wide array 
of topics in relation to socioeconomic, governance, 
and policy aspects of SFM. We also know that ongo-
ing research is urgently needed to better understand 
the impacts of climate change on forests and forest-
dependent communities. With regard to this issue, 
inadequate baseline data for drawing conclusions 
about changes in forest cover and quality over time 
render it virtually impossible to identify and measure 
national carbon credits. Yet, according to a recent 
IPCC (Intergovernmental Panel on Climate Change) 
(2007) study, only three of 99 tropical developing 
countries possess the necessary capacity for carrying 
out monitoring of forest changes.
Clearly, the ability to promote socially sensitive 
and environmentally responsible forest management, 
including forest conservation, requires systematic 
generation, analysis, synthesis, and use of quality 
information about what is actually occurring in forest 
landscapes. This is important because in the absence 
of quality data about what is occurring, or what chal-
lenges are or will be faced, ill-conceived policies 
can be developed that are unrelated to actual on-the-
ground challenges (Spilsbury and Kaimowitz 2002). 
Such information can be generated from a variety 
of data points, including well-planned monitoring 
programs, national inventories and permanent plots, 
and research programs led by scientific and academic 
institutions.
As concern over the loss of ecosystem structure 
and function grows, more attention is being given to 
the capacity of landscapes to yield these goods and 
services under diverse, collective management strate-
gies. Interest in territorial or ecosystem approaches 
for conserving water, biodiversity, and other ecosys-
tem goods and services are being pursued in many 
regions of the world. The complexity of these efforts 
underscores the need for well-directed research ef-
forts to determine how different governance arrange-
ments and policy instruments affect challenges over 
time (Sayer 2009).
Consistent with our concept of a “logic of appro-
priateness,” it is clear from this review that in addi-
tion to the importance of linking research to teaching, 
it is equally critical that research and teaching inte-
grate and include the active participation of a diverse 
set of forest community stakeholders – especially in 
those regions where active forest management and/or 
deforestation and development are occurring. Such 
an approach provides an opportunity to learn how 
research, teaching, and extension can coalesce to 
encourage “adaptive management” for improving 
observable consequences.
One effective approach linking growing research 
needs with the importance of improving the forma-
tive process of forestry professionals is to encourage 
the realisation of thesis research within public and 
private sector initiatives. This approach has worked 
well in many Central American countries (Rojas 
and Galloway 1999). Research efforts should cover 
a broad range of topics, including technical, bio-
physical, and ecological aspects, as well as those of 
a social, human, and economic nature (Rebugio and 
Camacho 2003). This increased contribution of edu-
cational institutions to forestry initiatives serves to 
strengthen the relevance of educational programs and 
better position them to address new challenges.
23.6.3 Forest Administrative 
Institutions 
(Bureaucracies/Government Agencies)
Any efforts to understand the ability of institutions 
to address new challenges must not only explore 
governance institutions that create policies reviewed 
in sections 23.3 and 23.4 above, but must also ex-
amine the ability of forest administrative institutions 
to promote and foster the translation of government 
policies to changes in behaviours and practices 
This is an important distinction. Whereas the above 
section was focused on understanding how policy-
generating institutions may be seen as appropriate, 
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inclusive, and transparent, a focus on administrative 
institutions, including forestry agencies and other 
relevant government units, redirects us to assess the 
organisational capacity of government agencies to 
carry out and foster the implementation of their ef-
forts (see for example Kaufman 1967). To be sure, 
the distinction between what governance institutions 
do, and the functions of administrative bureaucratic 
agencies, can overlap, especially since the latter are 
often commanded by legislatures or executives to 
develop policy calibrations and specifications that 
follow their goals and objectives. In fact, it is for 
these reasons that our review points us to two related 
phenomena: 1) the expanded role of forest adminis-
trative agencies from the practice of important, but 
narrow, resource management, to interacting with a 
range of societal stakeholders and interests across a 
diversity of local settings; and 2) reflecting the above 
theme, whether, when, and how administrative agen-
cies either have, or might earn, the organisational 
capacity, including resources and expertise, to pro-
mote and realise goals and objectives articulated by 
local governance institutions.
Over a decade ago, Bass et al. (1998) drew upon a 
growing body of scholarly literature to illustrate that 
many public sector administrative forestry institu-
tions were pressured to accept and adopt sustainable 
forest management responsibilities that went beyond 
timber yields, incorporating concepts of multiple use 
(Culhane 1981), local participation, ecosystem con-
cerns (Shannon and Johnson 1994, Hoberg 1997) 
and poverty alleviation. As a result, public sector 
forestry administrative institutions interacted with 
a broad range of stakeholders (Howlett 2002) at in-
ternational, national, and local levels (Bass 1998, 
Wellstead et al. 2004). As a result, the role of forest 
administrative institutions in nurturing the necessary 
skills, knowledge, and training with which to pro-
mote the increasing myriad challenges within and 
across these networks has never been more impor-
tant, yet also more challenging.
While the mandate of public sector forestry in-
stitutions has become more complex, many of these 
institutions have had to face growing financial limita-
tions, a process of downsizing, and a loss of presence 
in the field (Pacheco and Kaimowitz 1998). Paral-
lel to this process of institutional erosion, govern-
ments have often been successful in progressing in 
policy formulation, but are unable to bridge the gap 
between policy formulation and widespread policy 
application. A common refrain in Latin American 
countries is that “a good legal framework exists, but 
it is not implemented in the field” (Galloway and 
Stoian 2007).
As a result of these countervailing pressures to 
do more with less, the FAO Committee on Forestry 
(COFO) (2009) has found that administrative forest-
ry institutions have adapted in four ways. First, they 
have worked to separate the role of policy develop-
ment discussed above and under the domain of gov-
ernance institutions, to their “resource management 
functions” that result. This has been accomplished 
both to create more efficient divisions of labour, but 
also to avoid potential conflicts of interest.
Second, there has been less emphasis on control 
and more emphasis on facilitating efforts by others 
(Howlett 2000). In this sense, administrative agen-
cies have implicitly redoubled efforts to focus on 
improving “logics of appropriateness” without which 
virtually all policy interventions will be limited.
Third, their “capacity” challenges have led them 
to promote, consistent with governance institutions 
above, “decentralisation” of resource management 
responsibilities. This has included, for instance, 
devolution of functions traditionally carried out by 
national institutions to municipal governments, and 
even rural communities. However, as we know from 
the above review, if such decentralisation efforts 
simply replace inadequate resources at the national 
level for administrative agencies with inadequate re-
sources at the local or municipal level, it is virtually 
certain that few improvements will ensue. In fact, the 
resulting fragmentation may lead to less authority for 
governance institutions generally, and contribute to 
problems, such as illegal logging, rather than solve 
them. Likewise, it is clear that even when resources 
exist, the devolution of administrative functions to lo-
cal communities must be accompanied with adequate 
capacity-building supports (Ferrouckhi 2003).
Fourth, there is increasing effort on cash-strapped 
administrative forest institutions in developing coun-
tries to partner with international aid agencies to pro-
mote public goods, such as environmental services. 
In many countries, declining governmental budget 
allocations have led to increased dependency on in-
ternational development assistance, which currently 
is also in decline (COFO 2009).
Overall, there is no question that public adminis-
trative forest institutions are under significant stress, 
especially in developing countries, to promote more 
appropriate processes and achieve improved forest 
practices albeit with fewer resources. Although the 
situation will vary between different countries, it still 
is not clear whether public sector institutions will 
be capable of responding to a desired degree to the 
new challenges, at least in the short term, without a 
significant improvement in financial support, techni-
cal training, and social awareness.
An important role of governmental institutions is 
to contribute to the creation of an enabling environ-
ment that facilitates responsible forest management 
and conservation, and that favours the development 
and consolidation of small and medium forest en-
terprises. Existing regulatory frameworks in many 
countries often discourage responsible stewardship 
of forests by converting forest management and the 
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commercialisation of forest products into unattract-
ive alternatives. Governments can foster the creation 
of an enabling environment by granting and enforc-
ing legal access to forest resources, curbing illegal 
logging to reduce unfair competition, simplifying 
bureaucratic procedures for small and medium for-
est enterprises, or providing financial incentives 
for start-ups, among other options (Donovan et al. 
2007). Complying with the planning and documenta-
tion requirements in many countries is often costly, 
inefficient, and extremely difficult for forest owners 
and communities lacking adequate professional sup-
port (Pacheco and Kaimowitz 1998). For example, 
legal harvesting of timber in Honduras requires more 
than 40 steps involving approximately 20 officials 
and foresters (Chavarria 2010) and eight months of 
effort. When these types of constraints are coupled 
with limitations on the sale of forest products, illegal-
ity, and unfavourable taxation policies, community-
based forestry operations seeking legitimacy often 
revert to illegality once again. As was pointed out 
in the section on certification, corruption and/or the 
lack of law enforcement makes illegality compel-
ling from an economic perspective and explains its 
predominance in many countries.
Institutional Prerequisites and Intersection
It is evident from our review that there exist wide 
ranging types and examples of institutions at interna-
tional, domestic, and local levels that are all relevant 
for understanding whether, when, and how institu-
tions might be able to adapt to evolving drivers of 
change. Given this complexity, what types of conclu-
sions can be drawn that shape the next generation of 
research on the one hand, as well as provide practical 
policy advice on the other hand? We answer this 
question in two ways. First, we focus our attention 
to “prerequisite conditions” and potentially syner-
gistic institutional “intersections” that either have, 
or might show, potential in promoting the ability of 
institutions to respond to new challenges. Second, 
we divide our analytical efforts between “lessons 
from the practice of resource management” on the 
one hand, to the nurturing of durable “governance 
institutions” on the other.
23.6.4 Lessons from the Practice of 
Resource Management
The above review has made it quite clear that most 
forest-focused governance institutions have had 
some relevance for the practice of forest resources 
management. This might be owing to the promotion 
of neo-liberal norms that permeate and affect instru-
ment choices, or to the generation of new types of 
knowledge about forest biodiversity or social pro-
cesses crucial to SFM. Similarly, we know that ad-
ministrative capacity to oversee policy decisions on 
the ground, and the ability of knowledge networks 
to create requisite training and expertise, are criti-
cal factors for understanding how institutions might 
promote behavioural adaptation.
What, then, are the lessons that we can draw from 
the above review and from scholars and practitioners 
who focus on the practice of resource management? 
To answer this question we first review key “pre-
requisite conditions” for successful natural resource 
management that emerge from the above, from the 
professional experiences of one of the co-authors, 
and from key literature on sustainable forest man-
agement and conservation (Ostrom 1990, Durst et al. 
2005, Donovan et al. 2006, Pagdee et al. 2006). To 
be sure, the complexity and multi-dimensionality of 
sustainable forest management and conservation, and 
particularly community-based forest management, 
means that the precise mix of conditions and aspects 
that foster successful adaptation will be different 
across the ecological, social, cultural, and economic 
contexts of the forest and local communities (Pagdee 
et al. 2006). Our point in this review is not to offer de-
finitive answers or non-controversial findings, but to 
identify what appear to be important conditions that 
should be subjected to careful consideration when 
seeking to advance SFM in diverse settings. Here, 
these “prerequisite conditions” are grouped around 
the policy and institutional functions highlighted in 
this chapter.
Prerequisite conditions related to governmental poli-
cies and institutions and their functions:
◆ Well-defined land tenure or long-term use rights 
(legal access to resource base);
◆ Favourable regulatory framework (creation of 
an enabling environment) and effective control 
of illicit activities, including illegal logging and 
encroachment;
◆ Adequate reconciliation of different land uses and 
policies that affect forests;
◆ Provision of basic services, including educational 
opportunities, health services, water, and adequate 
local infrastructure;
◆ Long-term societal commitment reflected in pub-
lic investment and continuity of support to SFM 
initiatives over time.
Prerequisite conditions related to capacity build-
ing:
◆ Adequate organisational capabilities of commu-
nity groups reflected in their ability to participate 
meaningfully in SFM initiatives;
◆ Local leadership (build on and enhance over 
time);
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◆ Capacity to plan and carry out a wide range of 
activities, including those of a technical nature, 
and others related to business organisation and 
administration, among others. The existence of 
these capacities reflects the opportunity to par-
ticipate in and benefit from technical assistance 
and training, leading to the formation of human 
and social capital.
Prerequisite conditions related to poverty reduction, 
rural livelihoods, and small and medium forest en-
terprise development:
◆ Forest management and conservation contribu-
tions to local livelihoods, successfully generating 
income for participants;
◆ Facilitation of commercial opportunities and mar-
ket access. The beneficial integration of small and 
medium forest enterprises (SMFEs) into supply 
and value chains has been increasingly recognised 
as important.
◆ Adequate access to capital (credit or from other 
sources, such as incentives) and technology (for-
est enterprise development and the provision of 
credit require business development and financial 
service providers).
Prerequisite conditions related to research and moni-
toring:
◆ Adequate knowledge to orient capacity-building 
efforts in diverse dimensions of SFM;
◆ Continuous monitoring to learn from and improve 
the effectiveness of SFM in all its dimensions over 
time.
Considering the breadth and diverse nature of these 
“prerequisite conditions,” it becomes clear that prog-
ress requires the involvement or intersection of a 
considerable number of policies and institutions. 
Indeed, our review shows a consensus within the 
literature that the prospects for progress towards suc-
cess in SFM will depend, in large part, on whether the 
appropriate collective technical, scientific, business, 
and financial capacities are in place, as well as an 
enabling environment that facilitates their fruitful 
expression (Donovan et al. 2006). The next section 
discusses efforts to bring institutions together in 
multi-stakeholder platforms to enhance collabora-
tion and collective success.
Addressing Complexity Through Partnerships and 
Multi-Stakeholder Platforms
An important development that has emerged in re-
sponse to the complexity of SFM and conservation 
has been the creation of different types of partner-
ships and collaborative platforms and networks to 
progress in a collective fashion towards shared goals. 
Much has been written on the structure and function 
of myriad networks and partnerships (Colchester et 
al. 2003, Galloway et al. 2005). As Colchester points 
out, networking is not an end in itself, but a means to 
an end. A host of potential benefits can be cited for 
networks and multi-stakeholder platforms, including 
the following examples (Galloway 2000, 2002):
◆ Share strategic planning to progress towards com-
mon goals and objectives.
◆ Share information and experiences.
◆ Plan and implement training and technical assis-
tance in a collective fashion to favour technical 
and conceptual consistency
◆ Co-finance operational activities, such as training, 
technical assistance, and other shared activities, 
thereby reducing the costs, and increasing the 
scope, of training programs.
◆ Create a school of thought around specific activi-
ties, such as inventories, management plans, and 
reduced-impact harvesting.
◆ Generate information through research and moni-
toring activities that favour shared learning.
◆ Build up recognition, credibility, and self-es-
teem.
◆ Have a greater voice in policy debate.
◆ Co-operate in the control of illicit activities.
◆ Improve access to attractive commercial oppor-
tunities.
◆ Publish experiences and research findings.
In the case of small and medium forest enterprises 
(SMFEs), mutually beneficial partnerships with other 
businesses are now often sought along supply chains, 
including processors and traders. Associations that 
link SMFEs can also take advantage of increased 
economies of scale in processing and marketing, and 
can result in greater bargaining power (Donovan et 
al. 2006).
A growing international initiative that began with 
a strong impetus from the Canadian government is 
the Model Forest Network (Sayer et al. 2005). These 
multi-stakeholder platforms, located in numerous 
countries throughout the world, seek to improve 
forest and land-use governance by linking partners 
with different perspectives on the social, economic, 
and environmental dynamics with their forests (Ca-
nadian Model Forest Network 2010). Over time, it 
will be important to research the effectiveness of 
these platforms to identify elements that favour their 
success and sustainability.
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As this review reveals, great attention on problems 
of forest degradation and deforestation in the 1980s 
and 1990s focused primarily on developing binding 
intergovernmental agreements. These efforts even-
tually gave way to a greater focus on regional ef-
forts and more modest “baseline” policy initiatives, 
such as improving forest governance and promoting 
timber “legality.” These approaches were influenced 
by long-standing norms that they must be market 
friendly, but also new norms focusing on improving 
livelihoods of forest-dependent peoples. We have 
seen that these trends focused on both FLEG and 
FLEG-T as various stakeholders, governments, and 
businesses sought to move the agenda forward. 
This box focuses on and provides a deeper probe 
into the EU-Indonesia FLEG-T negotiations with 
which to assess the complex, but important, role of 
intersecting institutions in providing what appears 
to be a more durable and effective approach than 
would have been possible by any single individual 
institution or effort.
These efforts united the support of a range of 
government, legally harvesting firms, and environ-
mental groups because illegal logging and associ-
ated trade was identified as one of the major drivers 
of forest loss and degradation in Indonesia. Various 
studies and reports (Scotland et al. 1999, Palmer 
2001, Brown 2002, Tacconi et al. 2004, Brown et 
al. 2005) have indicated the scale of illegal logging 
in the country. They have concluded that illegally 
harvested timber greatly exceeds that from legal 
sources and the permissible cut within sustainable 
harvesting regimes, and proved to be detrimental 
to the country economically, socially, and environ-
mentally.
Ensuring the legality
Currently, a range of instruments and measures have 
been developed to address forestry challenges in 
Indonesia, which include governmental regulations, 
tenure reform, market-based efforts to promote le-
gality verification, and forest certification. Institu-
tional intersection of these efforts appears to hold 
much promise in ways that single efforts are unable. 
However, failure to carefully “connect the dots” 
about how these institutions could actually work to 
make a difference “on-the-ground” has meant that 
they are not yet achieving their full potential.
Governmental regulations
Domestically, governmental regulations, such as a 
moratorium on logging, and sanctions and penalties 
for companies exceeding harvest limits (FWI 2002, 
Casson et al. 2006), have been put in place to con-
trol illegal logging. However, they have had limited 
effectiveness, in part owing to underdeveloped and 
even counter-productive regulatory frameworks, 
lack of enforcement, poor expertise, and insuf-
ficient resources. These were all compounded by 
corruption and collusion among forestry officials 
and within other state agencies (Scotland et al. 1999, 
Mitchell et al. 2003, Casson et al. 2006, Maryudi 
2008).
The Indonesian government experiment 
launched a new approach in 2002: the creation of 
Badan Revitalisasi Industri Kayu (BRIK, Indone-
sian Institute for the Revitalisation of the Timber 
Industry), which was charged with monitoring and 
verifying the legality of timber. To accomplish 
these objectives, a certificate of legality is issued 
to forest companies that provide all required docu-
ments, including transportation permits. However, 
the ready availability of these certificates on the 
black market raises doubts about the effectiveness 
of this approach (Colchester 2006).
Market instrument of forest certification and 
timber product labelling
In recent years (see section on forest certification), 
the market-based instrument of forest certifica-
tion and labelling has been widely promoted as a 
response to the perceived ineffectiveness of gov-
ernmental regulations. Yet, as our analysis reveals, 
certification has not yet gained a strong foothold 
and significant support in Indonesia. Currently, less 
than one percent of the country’s forests have been 
certified by either of the two operating schemes, 
the Forest Stewardship Council (FSC) and the In-
donesian Eco-labelling Institute (LEI). The low 
interest in certification is due to a combination of 
factors, such as unclear signals for premium prices 
compared to the associated costs (Mitchell et al. 
2003, Maryudi 2005), the negative exposure of be-
ing certified (some certified companies experienced 
constant pressure that their performance had yet to 
meet certification standards), as well as economic 
uncertainties (Maryudi 2005).
Box 23.1 policy Intersection: the Case of european union (eu)-Indonesian Forest law en-
forcement, governance, and trade (Fleg-t)
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FLEG-T: A shift back toward 
governmental approach?
It is in this context that the European Union (EU) 
has adopted the Forest Law Enforcement, Gover-
nance, and Trade (FLEG-T) Action Plan to con-
tribute to the global effort to control the trade of 
illegally harvested timber in the region, which, as 
indicated above, links good governance in develop-
ing countries with legal trade instruments and lever-
age offered by the EU’s internal market to combat 
illegal logging. The EU’s institutional innovation to 
address these challenges is through Voluntary Part-
nership Agreements (VPA) with timber-producing 
countries that wish to eliminate illegal timber from 
their trade with the EU is at the core of the Action 
Plan (Colchester 2006).
EU-Indonesian FLEG-T
EU-Indonesian FLEG-T effort controls the trade of 
illegal timber harvested in Indonesia and exported 
to the EU. This is important since Indonesia exports 
two million m3 of tropical forest products to the 
EU, second only to Brazil, and accounts for nearly 
15% of total EU imports of tropical forest products 
(FOE 2001, Micski 2008). The voluntary partner-
ship agreements (VPAs) are focused on developing 
a system of controls, including a clear definition of 
legality, verification, independent monitoring, issu-
ing of licenses, and chain-of-custody control. This 
system is framed within timber legality assurance 
systems (TLAS).
The Indonesian TLAS (SVLK, Standar Veri-
fikasi Legalitas Kayu) was submitted to the Ministry 
of Forestry following five years of negotiations in 
fall 2008. The lengthiness of the process was due 
in part to debates about whether the agreement 
would merely cover distribution and trade of tim-
ber products, or cover broader forest management 
questions, including planning, execution, and har-
vesting. The final draft submitted to the Ministry 
appears to adopt the latter. Some have raised con-
cerns that this approach overlaps too much with 
forest certification, leading to “double” costs and 
institutional duplication. Such duplication is also 
asserted to create an institutional environment that 
“enriches” corrupt behaviour.
A move towards a hybrid model of governance?
Could the promotion of VPAs, in this case through 
the TLAS, be a case of institutional innovation that 
might provide effective hybrid governance? Cer-
tainly these efforts draw on a number of institutions 
with different logics: The EU, which provides a lu-
crative market for many of Indonesia’s forest prod-
ucts and from which its own consumers, public, and 
industry create important political support, holds a 
strong interest in moving this forward. The use of 
supply-chain tracking, in part owing to a decade 
and a half of certification efforts, is now accepted 
as a legitimate approach that needs greater tend-
ing. The Indonesian government, following widely 
failed decentralisation policies, is looking for an 
array of initiatives to promote baseline legality and 
institution building. And the limited uptake of certi-
fication has led to more modest aims on the part of 
global environmental groups to begin with legality, 
which has the potential to create global coalitions 
that include companies that operate legally.
Certification systems may play a role in verify-
ing legality and supply-chain tracking. They may 
also play a role in offering a “ratcheting up” of 
standards over time in line with market benefits that 
accrue from a legality focus. In fact, LEI has con-
tributed meaningfully in SVLK’s development, and 
some of its standards appear to have been elaborated 
within the system. Further, it may be approved by 
the Ministry to act as a legal verification body using 
its standards, which would formalise this hybrid 
approach.
Looking forward
There have been some promising developments. 
The SVLK draft has been presented to the EU, and 
has been assessed as to its conformity to the TLAS 
of EU FLEG-T and, according to the EU experts, it 
is satisfactory. The Indonesian government has also 
set up some pre-conditions for the implementation 
of SVLK, including the adoption of the guidelines 
for forest companies and the accreditation of veri-
fication bodies.
However, as of December 2009, the Indone-
sian government had yet to approve the SVLK and 
sign the VPA. Such approval will open the door 
for an institutional experiment that many argue 
shows promise in tackling at least some important 
aspects of illegal logging. Illegal logging clearly is 
of a magnitude that demands quick and effective 
efforts. This conclusion reinforces our attention on 
the need to integrate political science institutions on 
governance and policy to include in the research, 
education, and training institutions. In this case, 
local institutions will be critical in controlling il-
legal logging. Hence, approving SVLK and signing 
the VPA appears to hold potential for working in 
tandem with local institutions to develop a durable 
and effective institution for reducing illegal logging 
in the country.
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23.7 Conclusions
Four key trends emerge from our review. First, no 
single institution has the ability by itself to success-
fully adapt to some of the most important and press-
ing challenges facing the planet. Second, and related, 
there is no question that institutions have intersected 
to show promise in problem amelioration, as well as 
to create perverse and/or negative outcomes. Third, 
and as a result, the key task facing policy-makers is 
to better understand and nurture the most promising 
types of institutional configurations. Whether, when, 
and how this can occur will depend in large part on 
whether the strategic choices taken by government 
officials, international agencies, research units, and a 
range of other forest stakeholders focus on nurturing 
stable, adaptive, and problem-focused institutional 
intersections. If, instead, relatively short term and 
narrow self-interested approaches that do not take 
into account the broader community in which they 
are situated end up dominating, institutional adap-
tation will be virtually impossible. Fourth, greater 
care must be placed on understanding how institu-
tions and institutional configurations might evolve 
to gain authority and, ultimately, be deemed appro-
priate by the citizens, communities, and stakehold-
ers whose problems they seek to ameliorate, whose 
participation they must encourage, and whose ongo-
ing support and trust they must earn. Such a “logic 
of appropriateness” is a prerequisite for, but must 
be matched by, a logic of consequences in which a 
range of stakeholders and communities see genuine 
progress in promoting environmentally friendly, so-
cially sensitive, and economically viable sustainable 
forest management.
But how should such an intersection be nurtured? 
We see two overall steps. First, it is important to 
reflect on the promises and pitfalls of existing in-
stitutional responses and adaptations. This requires 
carefully reviewing how policy goals and objectives 
were championed in different institutional contexts, 
as well as assessing their impact in shaping directly, 
or indirectly, policy and practices “on the ground.” 
(We note below that while there is significant lit-
erature on the former, research into the positive and 
negative impacts of policy on the practice of forest 
management requires much more systematic atten-
tion.) Second, greater care must be placed not only 
on assessing policy development by itself, but the 
processes through which citizens, communities, and 
forest stakeholders come to provide long-term sup-
port for these efforts. We elaborate on these points 
from two perspectives. First, we review our findings 
according to their potential in shaping and promoting 
appropriate policy responses. Second, drawing on 
Gunningham et al. (1998) and Cashore and Howlett’s 
(2007) notion of progressive incremental change, 
we reflect on the key requirements of institutional 
intersection. We use the case of Indonesia’s forest 
management (Box 23.1) as an example of how nur-
turing institutional configurations working across 
global, regional, and local communities has opened 
a window that policy-makers may decide to pass 
through. We conclude by offering practical options/
advice to policy-makers on how other such windows 
might be discovered, and opened.
23.7.1 The Inability of Any Single 
Institution to Adapt to Accelerating 
and New Challenges
What has become very clear from this review is that 
any single institution, in the global era, will be unable 
at worst, or sub-optimal at best, to adapt to accelerat-
ing and new challenges on its own. At the intergov-
ernmental level, important strides have been made 
in championing the goal of forest-dependent com-
munities on the one hand, and in neo-liberal norms 
that give preference to market-friendly instruments 
on the other. We also review that for over 30 years 
concerted efforts have been made in attempting to 
build and craft global institutions that address such 
problems as deforestation, ecosystem degradation, 
and poverty reduction, and that promote sustainable 
forest management. There are, to be sure, a number 
of different potential intersections of policies and 
institutions, from voluntary to mandatory, substan-
tive to procedural, national to regional to local, neo-
liberal to command and control. What mix is most 
effective is one of the key questions facing policy-
makers and about which our work here raises many 
questions.
Despite the inability of the world’s governments 
to sign a binding global forest convention, there is 
no question that this arena has been important for 
coalescing communities around the science of sus-
tainable forestry through such efforts as the “criteria 
and indicator” processes and other forest practices 
policies seeking agreement on the desirable attributes 
of sustainable forest practices. Yet, by themselves, 
these global governance institutions lack the author-
ity to create purposeful and meaningful behavioural 
change at the local level. Attention has now shifted 
to the international climate arena through REDD, in 
part because of the greater attention and urgency that 
has been placed on achieving some kind of climate 
change agreement. But even in this case, whether 
REDD will be effective will depend significantly 
on the types of support, incentives, and capacity de-
velopment resources that are made available. These 
include adequate research capacities, including the 
ability to monitor deforestation and forest degrada-
tion over time.
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Efforts of single international agencies placing 
direct pressure on or providing incentives to domestic 
governments have met with some short-term success-
es, but few compelling stories illustrating the long-
term consolidation of institutional or sustainable 
development. Efforts relying on fixed-term financial 
incentives with which to entice sovereign govern-
ments to undertake tasks they would not otherwise 
have embarked upon, though well-intentioned, tend 
to fall short of the lasting impact believed possible 
through the utilisation of a “logic of appropriate-
ness.”
Recognition of the challenges inherent in these 
efforts has led to the creation of regional “forest law 
enforcement and governance” learning networks that 
were never meant to directly affect “on-the-ground” 
practices. Instead, the hypothesis behind these ef-
forts was that through learning about “best prac-
tices,” norms of “good governance,” and practical 
efforts to encourage compliance and reduce corrup-
tion, sovereign domestic governments might diffuse 
such knowledge into their own policies and prac-
tices. This approach, however, is not without risks, 
since governments might opt for tightening control, 
thereby dissuading producers and rural communities 
from becoming engaged in SFM. Our review has 
shown the importance of actions that public sector 
institutions can contribute to the creation of an en-
abling environment that favours the involvement of 
well-intentioned forest users in SFM and the com-
mercialisation of forest products.
Processes such as FLEGT have contributed to 
the recognition among Northern governments and 
agencies that efforts to promote domestic forest law 
enforcement and governance will largely go unheed-
ed if these efforts fail to help provide for long-term 
financial, technical, and educational support. Signs 
are now promising in this regard as a range of stake-
holders have come to focus on, for instance, how to 
improve efforts to promote baseline forest gover-
nance through institutional intersection.
Policy learning has been instrumental in under-
standing and adapting policies consistent with the 
principle of “subsidiarity,” in which the default op-
tion is to promote policies and institutions at the level 
“closest” to local communities, when appropriate and 
consistent with problem amelioration. Our review of 
decentralisation efforts in the 1990s in Indonesia, and 
over the last 15 years in Latin America, cautioned 
that it is not enough for central governments to an-
nounce a policy change in which local people will 
have more influence without ensuring that there are 
clear responsibilities, rights, and access to resources, 
and that overlapping rights or conflicting laws are 
avoided (Agrawal and Ribot 1999). In this regard, 
even the principle of subsidiarity carries with it an 
important notion of institutional intersection, as a 
central government’s role in promoting decentralisa-
tion cannot be either a case of empty words, nor of 
vacating its authority, but instead involves carefully 
identifying how central authorities, local govern-
ments and capacity-enhancing, educational and train-
ing institutions will intersect to produce meaningful 
engagement and progress towards strategic goals, 
such as poverty alleviation and sustainable forestry 
management.
Our review of tenure reforms in select countries 
found that when such clarity of purpose of national 
institutions and local tenure reform was undertaken, 
important and durable institutions can indeed result 
that do improve the livelihoods of forest-dependent 
peoples while promoting responsible forest manage-
ment (such as occurred in the community concession 
process in northern Guatemala ‘s Mayan Biosphere 
Reserve). While progress in tenure reform has been 
made in many countries, problems resulting from 
communities lacking land ownership and/or legal 
rights to manage and utilise natural resources have 
undermined attempts to promote SFM and conserva-
tion in many regions of the world. Unless consider-
able progress is made in securing the rights of local 
people to access and manage forests, it is unlikely 
that deforestation and illegal logging will be curbed. 
Reinforcing the need to reflect on institutional inter-
section, The Regional Community Forestry Training 
Centre for Asia and the Pacific (RECOFTC 2009) 
emphasised that effective REDD efforts must in-
tegrate, and promote, resource use rights of local 
forest-dependent peoples.
A move from understanding tenure institutions 
designed to allocate who gets access to forest re-
sources to a focus on what policies have been devel-
oped to promote environmentally friendly harvesting 
practices, uncovered two important findings for our 
review. First, many developing countries have on 
their books quite prescriptive forest practices policy 
specifications. In fact, some of these regulations are 
so prescriptive that it is doubtful that an authoritative 
global forest convention would ever have contained 
such clear and purposeful language. It may indeed 
be that the focus on building an authoritative “top-
down” global forest governance institution in the 
1990s moved some scholars and practitioners away 
from an assessment of the synergistic potential of two 
other institutions: national government institutions 
that produce prescriptive requirements; and knowl-
edge and capacity-building institutions that through 
constructive engagement with rural communities, in-
digenous groups, and other forest users, can develop 
shared strategies and norms surrounding responsible 
forest practices. Such institutional intersection is im-
portant because, unlike a forest convention, these 
synergistic efforts reinforce, rather than challenge, 
domestic sovereignty.
While inter-governmental processes seek to re-
inforce sovereignty, private forest certification ef-
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forts sought to bypass nation states by turning to 
the market pressures and global supply chains for 
policy authority. The Forest Stewardship Council’s 
unlikely coalition of environmental groups, includ-
ing WWF, social activists, the World Bank, and an 
increasing number of forest companies, forest own-
ers, and community forests, support an effort that, 
somewhat ironically, embraces neo-liberalism by 
attempting to embed in global markets and global 
commodity value-chain transactions “environmen-
tally friendly” and socially appropriate practices. A 
number of scholars argue that even though private 
governance, whether, when, and how these arenas 
might yield transformative impacts requires that they 
achieve widespread “political legitimacy” from an 
array of communities, consumers, and stakehold-
ers. However, even without widespread support of 
all stakeholders, Auld et al. (2010) and Levin et al. 
(2009) argue that these arenas could still be impor-
tant for fostering learning across communities about 
complex challenges that may either then diffuse to 
more authoritative governance institutions, or create 
synergistic interactions in which private authority ad-
dresses any gaps in domestic or international public 
policies. In this regard, corporate social responsibil-
ity efforts and NGO-corporate partnerships ought to 
be evaluated not only on what many claim are limited 
direct effects, but also on the ability of these efforts to 
promote greater awareness and understanding across 
a range of stakeholders about what fundamentally 
needs to be done to ameliorate key challenges and 
improve practices
In the case of knowledge-enhancing institutions, 
we have stressed the importance for private insti-
tutions to foster learning about “how things work” 
across a range of stakeholder coalitions. This is 
important because, as Sabatier and Jenkins-Smith 
(1993) argue, such learning can open up new possi-
bilities for widespread stakeholder support for mean-
ingful, problem-focused policy instruments. But just 
how might strategists and policy-makers nurture such 
support? We identify one potential pathway, of many, 
to illustrate the importance of exploring institutional 
intersection.
23.7.2 Nurturing Institutional 
Intersection
Any effort to nurture institutional intersection must 
simultaneously focus on two related, but sometimes 
countervailing, issues: how to maintain broad coali-
tions of support while developing meaningful policy 
goals, objectives and specifications that may risk an-
gering some members of the community for being too 
weak, and others for being too strong. Likewise, and 
as our section on knowledge institutions revealed, 
lack of understanding about practices in the field, 
may lead to well-intentioned policy interventions that 
have unfortunate and negative impacts on the very 
problems they were developed to resolve.
To be sure, traditional sovereign governments 
were traditionally regarded as the institutional foun-
dation with which to address these conundrums 
through the holding of multiparty elections and the 
development of administrative institutions (bureau-
cracies/government agencies) with which to under-
stand, learn, and provide resources for a range of 
locally contextual policy problems. However, and 
as our review revealed, the global era has meant that 
decisions of nation-states are never taken in isolation. 
A very high standard in one country could result in 
companies fleeing elsewhere or, in the case of many 
developing countries, lead to a lack of implementa-
tion in the forests. As a result, the question for policy 
development in general, and forestry in particular, is 
to understand what mix of institutions will nurture 
and strengthen over time by attaining broad scale 
notions of appropriateness, while also leading to 
meaningful, observable impacts. This understand-
ing must also take into account the importance of 
fostering an enabling environment that facilitates the 
participation of small and medium forest enterprises, 
including community-based entities, in SFM.
Three related approaches can guide policy mak-
ers in this quest. First, Gunningham and colleagues 
(Gunningham and Young 1997, Gunningham et 
al. 1998) have made two key observations. One, 
they have posited, consistent with our review, that 
no single policy instrument ever acts in isolation. 
Hence, it is important for policy-makers to reflect 
on the types of interactions a proposed instrument 
might have with existing efforts and whether such 
an interaction enhances, or takes away from, policy 
goals and objectives. Two, they argued that when two 
equally effective instruments are being considered, 
it’s best to choose the one most likely to have the 
support of those whose behaviour it seeks to ad-
dress. Gunningham reasoned that such an approach 
would yield longer-lasting support and hence create 
durable, adaptive, institutions.
Second, Vogel’s notion of “bootleggers and 
Baptists” captures the phenomenon in which en-
vironmental groups and relatively highly regulated 
business interests sometimes coalesce in order to 
champion increased regulations on their competi-
tors (Vogel 1995, 2005). Attention to the notion of 
championing wide-ranging coalitions that support 
institutions but for very different reasons is appeal-
ing, since we would expect these to be much more 
durable than those in which a key constituency was 
vehemently opposed.
Third, Cashore and Hewlett (2007) find that long-
standing distinctions in the policy literature between 
“paradigmatic” versus “incremental” change masks 
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a different process of change in which small steps 
going in the same direction may yield paradigmatic 
results but through a process termed “progressive 
incrementalism.” They argue that greater care must 
be placed in thinking about such a process since it 
actually captures more accurately what often tran-
spires in the “real world.”
Taken together, these three concepts provide a 
road map with which to travel one potential path-
way for promoting potentially positive institutional 
intersections: producing policies that are likely to 
have support of the targeted audience, introducing 
policy interventions that nurture “bootleggers and 
Baptists” coalitions, and promoting incremental but 
unidirectional support.
How might an emphasis on these principles 
promote institutional intersection that would foster 
adaptation to new and accelerating challenges? First, 
it would encourage strategists to promote efforts that 
have, or may have, the support of domestic govern-
ments and key stakeholders. This would focus at-
tention on developing the knowledge, training, and 
expertise in developing countries where strong com-
mitments have been made but in which compliance 
challenges are immense. In this regard, the learning 
networks and capacity-enhancing efforts reviewed 
above fit this scenario, while efforts to build a “top-
down” global forest convention do not.
Second, it would focus attention on building mar-
ket mechanisms that would generate globally impor-
tant coalitions of “bootleggers and Baptists.” This 
is precisely what occurred when US environmental 
groups and the US forest products industry jointly 
lobbied Congress to amend the Lacey Act to limit 
the importation of illegally harvested wood products. 
Because these amendments appeal to timber process-
ing firms that seek to maximise profits, even while 
insisting on utilising wood from legal sources, and 
to environmental groups focused on deforestation, it 
can be argued that this change in US policy should 
turn out to be highly durable. At the same time, such 
an effort requires a period of “legality verification” 
that requires nurturing private certification efforts 
to do so. However, unlike forest certification efforts 
that pit the FSC against industry-initiated competi-
tors, and largely focused in the North, legality veri-
fication tracking unites these otherwise competing 
interests around improving efforts to stem tropical 
forest degradation.
Third, and most importantly as reviewed above, 
for the most part, developing countries support such 
efforts to promote legality and good forest gover-
nance. They support them because without adherence 
to baseline “rule of law,” the result can be massive 
corruption, lost revenues, and political disorder. 
However, the same reason why there is significant 
support for “good forest law enforcement and gov-
ernance” is the same reason why building it will 
be so challenging. Even if and when widespread 
stakeholder and societal support for forest law and 
governance can be achieved, successful implementa-
tion requires that these countries have the resources, 
training, and technological assistance for monitoring 
real “on the ground” responses and impacts. When 
both conditions exist, the institutional environment 
is more likely, we expect, to favour learning and 
adaptive management.
To be sure, while such a pathway does appear to 
be currently travelled, whether or not it will yield 
the kind of problem-solving institutions necessary 
for addressing the acute challenges facing the forest 
sector, will depend on whether, and how, progressive 
incremental changes will continue to occur. Hence, if 
these efforts stop at baseline legality, virtually no one 
in the entire community of forest stakeholders sees 
this as a successful outcome. Instead, the question 
is whether baseline legality might promote endur-
ing and effective domestic forest law enforcement 
and governance capable of ensuring access to rights 
and resources, following acceptable environmental 
norms, and creating a system in which corruption is 
reduced for culturally ingrained, rather than coercive, 
incentives. Likewise, in the private realm, the ques-
tion is whether private legality verification, which 
is now being used as the mechanism with which to 
meet US and EU legality policies and developing 
country “good governance” objectives, might evolve 
to embrace higher standards of sustainable forest 
management that seeks to reward, rather than pun-
ish, firms involved in the responsible stewardship 
of forests. Whether such progressive incremental 
efforts might occur in this case depends on reward-
ing the firms that practice at the highest level (and 
which usually do so because of government regula-
tions) and to creating increased consumer demand 
and support for their products. The fact that many 
grassroots small and medium forest enterprises and 
producer groups have persisted in striving to manage 
their forests, even when commercial, institutional, 
and political-legal framework is rife with obstacles, 
is a testament to the resiliency of these efforts and an 
indication that, if given a chance, they may progress 
in a more expeditious fashion than we assume. Also, 
none of these efforts can be expected to progress in a 
meaningful way without careful and sustained atten-
tion to nurturing knowledge, expertise, and capacity 
building so critical for achieving and consolidating 
tangible impacts.
Though the above scenario is just one pathway, 
we emphasise it because it seems to describe much of 
what is actually taking place in the world in general, 
and in individual developing countries in particular 
(see Box 23.1 on Indonesia). Whether, when, and 
how it may yield globally important and locally ap-
propriate practices depends in large part on the stra-
tegic choices made by today’s governments, firms, 
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NGOs, and community officials. This pathway could 
either result in the “lowest common denominator” 
approaches in which baseline efforts become the end, 
rather than the beginning, or it could lead to promis-
ing institutional intersections that are heading in a 
new progressive incremental direction in ways that 
most single institutional efforts have been unable to 
accomplish.
Which of these two futures actually occurs de-
pends in large part on the strategic approach of gov-
ernment officials and other key stakeholders. What 
is clear is that in the global era, what matters most is 
that policy-makers reflect on the long-term implica-
tions of their daily decisions. Taken together, institu-
tions can adapt to new and accelerating challenges. 
Such an approach requires a much greater integra-
tion of scholarly knowledge and practices. Nurturing 
durable, authoritative, and appropriate governance 
institutions is fundamentally important. But so, too, 
is ensuring that these governance institutions develop 
and adapt policies in ways that intersect in synergis-
tic ways with knowledge and administrative institu-
tions so that local communities possess the skills and 
knowledge necessary for enduring and meaningful 
“on-the-ground” impacts (Kenny-Jordan et al. 1999, 
Durst et al. 2005, Donovan et al. 2006, Pagdee et al. 
2006, Sabogal et al. 2008). Without this, the best-
intentioned and authoritative policies will have few 
consequences.
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24.1 different drivers of 
Change Interact to Impact 
Forests
Many of the world´s forests and forestry in general 
are undergoing far-reaching changes stemming from 
human activities. Important drivers of change re-
late to climate change, population growth and ur-
banization, and associated changes in values and 
consumption patterns. The globalization of markets 
and investments also influences decisions on the pro-
duction and commercialization of forest products 
and services.
While much of the focus in international arenas 
is currently focused on climate change, it is clear that 
different drivers of change interact in complex ways. 
For example, changes in climate are augmenting 
problems in forests such as insect pest infestations 
and wildfires. These disturbances, in turn, increase 
carbon emissions into the atmosphere, further ac-
centuating the problems of climate change. In like 
manner, increasing global demand for forest-based 
goods and services have led to deforestation and for-
est degradation, especially when problems of illegal-
ity and poor institutional capacity have resulted in 
unsustainable practices.
Demand continues to increase for forest prod-
ucts and services. While growing demands are being 
placed on forests, they are also increasingly valued 
for the ecosystem services they provide, especially 
for their role in sustaining a healthy water cycle, in 
carbon sequestration and storage, and in biodiversity 
conservation. Ecosystem services are also important 
to human health and well-being both in urban and 
rural areas. These services include e.g., temperature 
regulation, air filtration, and provision of medicinal 
products and food. Forests are also important arenas 
for recreation, aesthetic appreciation, and stress re-
lief, all of which are of high importance to the health 
of an increasingly urbanised population.
Global forests, including planted forests, are an 
important source of energy. Forest-based energy pro-
duction is seen as an alternative capable of contrib-
uting to society’s efforts to reduce greenhouse gas 
emissions, improve the security and price stability of 
the energy supply and reduce dependency on fossil 
fuels, while revitalizing rural economies by provid-
ing jobs and income through the sustainable manage-
ment, harvesting and conversion of biomass.
Unfortunately, even while there is a greater de-
mand for forest products and a greater recognition 
of the diverse functions of forests; they continue to 
decline in many parts of the world through deforesta-
tion and degradation. Forest conversion into agricul-
tural lands, over-exploitation, and invasive species 
are all detrimental to forest ecosystems and threaten 
the availability and production of ecosystem services 
that are fundamental to human well-being; healthy 
forests are crucial for providing these services.
Concern for forests and the services they pro-
vide is not limited to rural environments. Global 
urbanization is increasing the demand for urban 
forests and green spaces and heightens the pressure 
on those areas. In addition, a warmer climate will 
change the ecological conditions available for urban 
greenery. Changes in values and increase in the level 
of environmental and social awareness can also af-
fect consumption patterns and demand of wood and 
wood-based products and thus influence forest based 
production.
Although many of the drivers of change affect 
forests, forestry and forest-dependent people all over 
the world, the effects will be most severe in less de-
veloped regions where people lack adaptive capacity 
because of poverty, political and institutional mar-
ginalisation and geographic isolation from centres 
of power.
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24.2 Global Changes Shape 
Local Realities – Local Changes 
have Global Implications
This book has clearly shown that we live in an in-
creasingly interconnected, crowded and complex 
world, and that the drivers of forest change addressed 
in the previous chapters cut across different scales. 
Global processes, such as climate change, can di-
rectly affect the health, resilience and sustainability 
of ecosystems and socio-cultural systems at the lo-
cal and regional levels, while land use decisions at 
more local scales can either contribute to or help to 
mitigate the problems of climate change. Similarly, 
the adaptation of the wider society to climate change 
is based on adaptation measures adopted at the local 
level. Increasing temperatures and changes in pre-
cipitation patterns have been shown to have a role 
in augmenting pest and disease problems, favour the 
emergence of new pests and/or disrupt vital relation-
ships developed through co-evolution upon which 
diverse forest species depend. Other problems such 
as the loss of species and provenance adaptation have 
been cited, as well as impacts on the water cycle. The 
very ability of forests to contribute to climate change 
mitigation and adaptation will be impacted by local 
and/or regional responses to climate change.
Growing demand for and increasing trade in for-
est products has important ramifications at regional 
and local levels, affecting forest industries, local 
livelihoods, and the future of forests. In response to 
globalisation, climate change, rising energy prices 
and, more recently, the financial crisis, the forest 
industry and forest products trade and investments 
have undergone profound changes. In the past de-
cade, rates of growth in consumption of many for-
est products have been two to three times higher in 
the developing than in the developed world. Foreign 
direct investments in past years have mirrored this 
trend, being most notable in developing and eastern 
European transition countries. Shifting consumption 
and investment in production capacity from Europe 
and North America to Asia and Latin America are 
the main driving forces behind the changes in global 
trade. Demand for wood products is increasing espe-
cially in Brazil, Russia, India, and China. The reallo-
cation of the forest industry’s production capacity is 
associated with the role of mergers and acquisitions, 
and rapidly increased foreign direct investment in the 
forest industry, especially in the world’s emerging 
producer countries. Forest industry is also increas-
ingly relying on intensively managed and planted 
forests located in South America, Africa, and Asia, 
and on new forest products and technological in-
novations for their manufacturing.
The increasing importance of forest biomass 
based energy generates new opportunities for in-
vestors, forest industries, and local producers. For-
est based energy production can provide work and 
income in production, harvesting, and conversion 
of biomass. However, the availability of land for 
bioenergy production and the capacity of forests 
to sustain productivity under intensive production 
and harvesting regimes vary greatly between areas 
and countries. For example, careful planning and 
implementation of the sustainable management of 
fuelwood are needed to avoid negative impacts on 
site and forest productivity. Examples from Brazil 
and Senegal have shown that with the engagement 
and commitment of policy makers, local industry, 
and people, positive changes can be achieved in the 
supply of forest biomass based energy.
These ongoing developments can contribute to 
deforestation and forest degradation at the local level, 
but they can also create new opportunities to promote 
sustainable forest management and local develop-
ment by increasing economic benefits to rural pro-
ducers – including small-holders, community-based 
forest enterprises and other small or medium sized 
enterprises – and other actors along supply and value 
chains. Challenges associated with these opportuni-
ties will be addressed later in this chapter.
Clearly, the analysis of the drivers of change 
illustrates the intersection of global interests with 
national and local realities. Thus in order to succeed 
in creating positive outcomes, forestry-related ap-
proaches and strategies will have to take into account 
these relationships. Indeed, many of the problems 
alluded to have been shown to have no respect for 
borders; causes and effects impact both the devel-
oped and underdeveloped world and therefore must 
be dealt with in a multilateral fashion.
24.3 The effects of 
extra-Sectoral drivers Are 
often Critical
Problems and potential solutions not only cut across 
different scales, they also cut across different disci-
plines and sectors. The strongest drivers of change 
for forests and forestry often originate outside the 
forest sector, such as the demand for land for agricul-
ture, livestock and bioenergy production. Often these 
extra-sectoral drivers of forest change also result 
from policies or regulatory frameworks governing 
other economic sectors. In addition, increases in the 
prices of agricultural commodities, and the incen-
tives (“perverse” incentives) for promoting the pro-
duction of agricultural or livestock commodities have 
often resulted in deforestation because it become 
profitable to open new forest areas for cultivation. 
The identification and quantification of the effects 
of extra-sectoral pressures on forest landscapes, for-
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estry, and forest-dependent communities forms the 
basis for developing more integrated cross-sectoral 
management and policy options that would take ad-
vantage of potential opportunities and reduce social 
and environmental costs.
A key challenge often relates to the limited ability 
of forestry activities to generate profitable income 
under the ecological and economic circumstances 
prevalent in forested regions in many parts of the 
world: remoteness, poor rural infrastructure, paucity 
of basic human services, scant institutional presence, 
among others. That said, a number of economically 
attractive forestry activities have been reported when 
a favourable set of conditions combine to encour-
age sustained local participation in forestry devel-
opment initiatives. When developing policies and 
strategies for a given sector, the potential effects on 
other sectors should be closely analysed and taken 
into consideration. This can be realized through land-
scape-scale planning and development approaches, 
which simultaneously focus on different economic 
activities and social and environmental values over 
broad areas.
24.4 Forestry Is a Part of 
Changing Social Landscapes
To a large degree, it can be argued that landscapes are 
social constructs reflecting ongoing social processes 
and a number of societal drivers impacting forests 
and other natural resources. For example, increasing 
urbanization and concentration of populations will 
lead to fragmented landscapes, with dynamic inter-
mediate land use changes in the urban fringes, and 
further fragmenting in the forests and woodlands. 
Today, about half of the world population lives in 
urban areas. Over the next several decades, popula-
tion growth is expected to concentrate in the poor-
est urban communities in sub-Saharan Africa, south 
Asia and the Middle East. In the urban fringes of 
the more densely populated areas, land development 
and conservation will be increasingly competing. For 
an increasingly urban population, both in develop-
ing and developed world, forests are important for 
recreation, aesthetic beauty, and stress relief. Many 
of the positive effects that forests have on human 
health and well-being may be placed in jeopardy as 
a result of climate change and subsequent changes 
in forest structure and forest cover.
Also, urban-centred consumption and production 
activities are essential drivers of long-term ecosys-
tem change. Urbanization relates closely to changes 
in attitudes and perceptions. Consideration of these 
changes is important for gaining public support and 
social acceptance for new policies and approaches, 
as well as for their successful implementation. Also, 
for increasing participation and cooperation in forest-
related decision-making it is crucial to understand the 
perceptions and priorities of all relevant stakeholder 
groups.
Despite increasing urbanization, it is estimated 
that over 300 million people still depend directly 
on forests and forest products for their livelihoods. 
These forest-dependent people have built up intimate 
relationships with forests and the goods and services 
they provide. At the same time, in many countries, 
as was cited for the Amazon basin, policies explic-
itly encourage the colonization of forested areas, 
the expansion of rural infrastructure, and changes 
in land use to extend industrial agriculture and foster 
economic development. In these cases, it has been 
hard to achieve a fair balance in which the voices of 
local grassroots organizations are heard on a par with 
those of the powerful private sector being favoured 
by these public policies.
In many developing countries where efforts have 
been made to promote community-based forestry 
development or sustainable forest management, a 
number of issues have been pointed out that have 
limited effective, widespread participation of rural 
peoples and communities in these processes. For ex-
ample, many programs have failed to make an effort 
to truly understand local values and perceptions, and 
to take advantage of local knowledge. In some cases, 
lack of understanding has resulted in forestry pro-
grams placing excessive emphasis on trying to link 
community-based production to international value 
chains, neglecting opportunities to orient production 
to meet local demand. To be lasting, forestry devel-
opment must be rooted in local social structures, 
economies, and values. If not, they have tended to be 
ephemeral, falling off quickly once external funding 
sources have dried up.
One condition that has been repeatedly cited as 
essential for community-based forestry development 
is the granting of land tenure and/or the establishment 
of long-term use rights. These rights must be comple-
mented with the strengthening of local capacities to 
carry out technical, managerial and administrative 
functions, access to capital, and a favourable politi-
cal and institutional environment that does not stifle 
efforts to manage forests and natural resources in a 
sustainable manner. There are positive examples of 
community and small-holder based forestry develop-
ment (e.g. in Chile and Finland), which has benefitted 
from global markets when these basic elements that 
support sustainable resource utilisation and provide 
incentives for investing in forestry are in place.
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24.5 Sustainable Forest 
Management Revisited
Over the past two decades sustainable forest manage-
ment (SFM) has evolved as the dominant interna-
tional paradigm in forestry. It has become the over-
arching principle for forestry practices and forestry 
development. The concept of SFM encompasses the 
idea of managing forests according to the principles 
of sustainable development and sustaining the provi-
sion of the diverse ecosystem services provided by 
forests. In general, SFM aims to balance the increas-
ing demands for forest products and benefits of the 
society with conserving forest extent, health, and di-
versity. Globally, SFM has still not been extensively 
applied despite considerable efforts in the 1990s by 
numerous international initiatives and organizations 
to establish principles (criteria and indicators, na-
tional forest programmes) for its implementation at 
national and local levels.
Thus far in this chapter, we have pointed out 
how drivers of change interact and cut across dif-
ferent scales; how extra-sectoral drivers, i.e. drivers 
from outside the forestry sector, strongly influence 
the fate of forests and the ecosystem services they 
provide, and how landscapes are expressions of the 
relationships between society and their environment, 
including forests and other natural resources. Conse-
quently, it is essential to recognize that SFM is not 
only about management practices being implemented 
in a certain forest area, even though this has often 
been its focus. Instead, it is important to broaden this 
understanding to encompass a wide range of social, 
economic, and environmental processes and inter-
relationships that affect the decision-making, benefit-
sharing, and environmental effects related to forests, 
as well the interrelationships between forestry and 
other sectors within a given territory. The inclusion 
and attention to these issues within SFM is essential 
in order to meet the current and future challenges fac-
ing forests and forestry. Under the changing social, 
economic, and environmental circumstances it is also 
important that SFM embraces the idea of continuous 
and adaptive development of approaches and objec-
tives for meeting the challenges.
Drawing on these reflections, we will focus our 
attention on a number of elements that must form part 
of, or need to be strengthened, in developing SFM. 
Many of these elements are not new: however, the 
ongoing global changes have again emphasized their 
importance. To provide structure to this discussion, 
these elements are organized below around the three 
dimensions of sustainability: environmental aspects 
including technical and ecological considerations; 
economic aspects including those related to the pro-
duction and commercialization of forest products and 
services, and the use of incentives; and social and 
cultural aspects. A brief discussion of these elements 
will be followed by considerations concerning the 
integration of these dimensions into landscape-scale 
approaches, the important role of research and capac-
ity building, and conclusions concerning institutions 
and the political-legal framework within which for-
estry development takes place.
24.5.1 Focus on Environmental Aspects
New approaches are needed to sustain and enhance 
the health of forests in changing environments. These 
include a large number of technical and ecological 
considerations that go beyond management for the 
sustainable production of wood and non-wood forest 
products, and mitigating the impact of harvesting 
operations. While these objectives will most likely 
continue to be important, threats and uncertainty as-
sociated with climate change emphasize the need for 
management approaches that encourage and sustain 
ecosystem complexity. Ecosystems that are variable 
in age and species structure, as well as genetically 
diverse, are considered to have the best chance of 
adapting to future changes.
Studies on the variability of forests (tropical for-
ests, for example) have illustrated that different forest 
types are present to varying degrees across the land-
scape. These forests not only vary in size and spe-
cies composition, but also in their contribution to the 
production of ecosystem services, such as watershed 
protection. Considering the importance of sustaining 
biological diversity and ecosystem services, efforts 
will be required to conserve a large spectrum of for-
est types across the landscape through a combination 
of protected areas and the application of sustainable 
management practices. That said, well-established 
and properly managed plantations will also play an 
important role for production and for the restoration 
of degraded lands.
More attention must also be given to reduction 
of forest fragmentation and restoration of landscape 
integrity through enhancing biological corridors 
and landscape connectivity, which are crucial for 
facilitating species migration. Reducing landscape 
fragmentation is an important consideration for ef-
forts to conserve biodiversity and related ecosystem 
services.
Ecosystem-based adaptation (EBA) is an emerg-
ing multi-scale and multi-sector approach that takes 
into account the role of ecosystem services in reduc-
ing the vulnerability of society to climate change. For 
ensuring that forests will contribute to the adaptation 
of the broader society in the future, EBA aims to 
reduce current threats to ecosystem services (e.g., 
deforestation and forest degradation) by conserving 
forests or managing them sustainably. It also aims 
at reducing future threats by implementing adap-
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tation to climate change. In this sense, EBA is an 
overarching framework to forest and adaptation in 
which “adaptation for forests” is needed to ensure 
the role of “forests for adaptation.” It includes mov-
ing beyond traditional forest management models 
and capturing compensation for positive externalities 
provided by forests.
24.5.2 Focus on Economic Aspects
Policies that encourage agricultural practices and 
other economic activities that are detrimental to for-
ests and the capacity of landscapes to provide ecosys-
tem services are often implemented without taking 
into account their true economic costs. Much more 
attention should be given to determining the societal 
costs of negative environmental impacts in order to 
create a more level playing field for initiatives seek-
ing to promote forest management and conserva-
tion. On the other hand, mechanisms to compensate 
those that provide environmental services should be 
further developed and implemented more widely to 
make sustainable management and conservation of 
forests more attractive land use options. The need to 
quantify and compensate for environmental services 
has increased with climate change and the ongoing 
development of mitigation mechanisms.
Many forestry development initiatives have tend-
ed to emphasize the technical dimensions of forest 
management and largely neglect issues relating to 
rural enterprise development, such as insertion into 
value chains, marketing and commercialization of 
products and services, and administration of income, 
among others. It is now recognized that much more 
attention must be devoted to these aspects. That said, 
innovations are required to create business organiza-
tions that while meeting the formal requirements of 
viable commercial enterprises, adapt to local cus-
toms, values, and practices.
24.5.3 Focus on Social and Cultural 
Aspects
The development of forest management and develop-
ment approaches should take into consideration to a 
greater degree, current and changing societal values 
and perceptions related to forests, especially the per-
ceptions of local communities. This is important both 
in the developed and developing world. For policies 
and strategies to gain acceptability and support, they 
need to reflect people’s values and perceptions.
Many initiatives seeking to promote social for-
estry have failed to make an adequate effort to un-
derstand the social and cultural underpinnings of 
the proposed beneficiaries. Thus, as in the case of 
Amerindians in the Amazon, communal approaches 
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Photo 24.1There is need for more integrated, multi-sectoral and problem-oriented land use planning 
approaches that give attention to landscape-level processes.
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have been promoted when, in fact, local populations 
embrace land use practices that are more individu-
alistic (family approach) in nature. These types of 
errors indicate that much more efforts need to be 
focused on understanding local realities.
Social and cultural values greatly influence the 
motivations underlying the involvement of people 
and community groups in forestry development ini-
tiatives. Caution must be exercised when assuming 
that profit maximization and accumulation of wealth 
are the primary reasons behind community partici-
pation these initiatives, when greater interest may 
be concentrated on enhancing livelihood strategies 
and means to address future uncertainties. A great 
challenge relates to recognition of the existence of 
human diversity and the need to be cognizant of the 
implications of this diversity to forestry development 
initiatives.
24.5.4 Integrating Environmental,  
Economic and Social Aspects
Of course, it would be misleading to imply that the 
aforementioned environmental, economic, and social 
aspects can be taken separately. It is essential to move 
toward more integrated, multi-sectoral approaches to 
land use planning using a problem-oriented approach 
and giving attention to landscape-level processes. For 
this, it is necessary to develop land use and economic 
policies that help to reconcile divergent interests over 
the use of forest landscapes and eliminate perverse 
incentives behind land use transformation. As we 
have seen, these needs are accentuated with eco-
nomic development, increasing demands for forest 
ecosystem goods and services, and climate change 
(mitigation and adaptation), which will induce more 
intensive land use and, in some areas, thereby in-
creasing land and water related conflicts.
Conventional intra-sectoral management ap-
proaches have become obsolete. They need to align 
with the complexity of the socio-ecological systems 
and the capacity of these systems to cope with, adapt 
to, and shape change. Management units should be 
recognized as complex hierarchical eco-sociological 
systems with capacity for self-organization. Adap-
tive management provides a flexible and responsive 
framework to deal with uncertainty and unpredict-
ability. Adaptive collaborative management occurs 
when interested persons (often communities) agree 
to collaboratively plan, observe, and learn from the 
implementation of their plans. Monitoring landscape 
change is one part of an adaptive management strat-
egy for sustaining forests in a dynamic world. An 
understanding of the limits of the dimensions of sus-
tainability (ecological, social, economic, and cultural 
processes) is also required in order to develop plan-
ning and management tools for balancing system 
outputs. A risk analysis and management approach 
applied at the systems level can provide a means for 
stakeholders to critically examine preferences and 
alternatives, promote transparency of the decision-
making process and to openly make explicit the un-
certainties involved in particular courses of action.
Improving forest management and development 
approaches require working across different scales, 
integrating global and regional initiatives that arise 
through international dialogue, with local “on the 
ground” responses that impact directly forests and 
the ecosystem services they provide, and the people 
who live within or adjacent to these forests. This 
integration across different scales encompasses in-
stitutions and stakeholders that lie between these 
two extremes, including small and medium forest 
enterprises and industrial operations.
24.6 The Fundamental 
Importance of Research and 
Monitoring of outcomes
More resources and effort will have to be devoted to 
research and the monitoring of outcomes. In many 
parts of the world, there has been a paradoxical 
reduction in research capacity, precisely when the 
complexity of forestry is increasing and the need for 
information to drive decisions is greater than ever. 
Research must be carried out on a wide array of 
topics, such as the composition and development 
of forests, genetic diversity and regeneration, and 
numerous topics related to socioeconomic, gover-
nance, and policy aspects related to sustainable for-
est management. More research is required better to 
understand the impacts of climate change on forests 
and forest-dependent communities, and the roles of 
natural and planted forests on the water cycle. Spe-
cial attention also needs to be given to the complex 
interactions among the drivers of change and their 
collective impacts on forests and society. Baseline 
data needs to be generated to track changes in forest 
cover and quality. This is essential for monitoring 
national carbon balance over time. We have also seen 
the importance of research into the true economic 
impacts of diverse land use systems, integrating data 
on environmental impacts and sustainability.
The prospect of available funding through 
REDD+ mechanisms has led to calls for the es-
tablishment of output-based compensations, since 
estimating the costs of achieving these outcomes 
provides a benchmark for deciding where to invest 
limited funds. The quantification of outcomes in-
dicates the importance of research and monitoring 
capabilities. A recent Intergovernmental Panel on 
Climate Change (IPCC) study found that only three 
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of 99 tropical developing countries possess the nec-
essary capacity for carrying out monitoring of forest 
change. Technological advances will play an impor-
tant role in enhancing the capacity of different coun-
tries to address these research needs. Therefore, more 
financial and technical support is urgently needed for 
strengthening research capacity, especially in less-
developed countries.
24.7 Capacity Building is 
Crucial
A common theme that has emerged throughout the 
book relates to the importance of ensuring that com-
munities and persons involved in forest management 
possess the necessary knowledge and expertise to 
take on complex tasks in an acceptable fashion. 
Capacity-building needs are quite broad, and as the 
complexity of sustainable forest management has 
been better understood, the scope and diversity of 
necessary knowledge and skills has increased over 
time, encompassing, among others, the following 
areas: social and organizational aspects, including 
enhancement of leadership skills for sustainable de-
velopment; ecological and technical aspects, includ-
ing research and monitoring capabilities; business 
development and administration aspects; political-
legal aspects and governance; and networking, com-
munication and information exchange, including the 
important skill of negotiation.
Beyond the breadth of topics that must be ad-
dressed in capacity-building efforts, it is also im-
portant to recognize that these efforts must target 
different levels. A wide array of persons influences 
what happens in forests and protected areas and all 
have capacity-building needs in different moments 
of time.
Finally, since the experience of local actors and 
the institutional framework varies greatly from one 
setting to another, capacity-building needs also 
evolve and change. This reality is one of the under-
lying challenges of institutions involved in capacity 
building and technical assistance.
24.8 The Need for Institutional 
Integration and Broad 
Participation
In many parts of the world, important progress has 
been made in retooling institutions, including land 
tenure reform, decentralized government and de-
regulation, and the creation of incentives to support 
sustainable forest use, in particular the newly emerg-
ing REDD initiatives. At the same time, considerable 
challenges remain unsolved, since in many regions 
of the world policies seeking to promote sustainable 
forest management, sustainable development, and 
poverty alleviation have not been effective. One fac-
tor that has limited progress relates to the diverse ar-
ray of international agreements and conventions. Al-
though these exhibit a considerable degree of overlap 
in their conceptual frameworks and mandates, they 
often act in isolation with inevitable duplication of 
efforts and even competing interests. At the national 
and local scales, efforts to improve forest manage-
ment and protection, and/or to reduce deforestation 
have often concentrated on developing legislation 
and policy instruments to regulate activities within 
the forest sector, while problems affecting forests 
often arise from pressures outside the sector. Also, in 
many countries, corruption and lack of political will 
at both local and national levels have undermined 
the ability of institutions to implement, enforce, 
and monitor forest-related policies and regulatory 
frameworks, contributing to deforestation and forest 
degradation.
It has become clear in this review that no single 
institution has the ability, by itself, to address the 
important and pressing challenges facing the planet. 
That said, institutions have intersected to show prom-
ise in problem amelioration, while in other cases they 
have led to perverse and/or negative outcomes. To 
achieve appropriate responses to the complex chang-
es and challenges requires focusing on institutional 
intersections at and between different levels (local, 
national, and global). The attention should be aimed 
at approaches in which central authorities, local gov-
ernments, and capacity-enhancing, educational and 
training institutions intersect for producing meaning-
ful engagement, and progress towards strategic goals, 
such as poverty alleviation and sustainable forest 
management. A key task facing policy makers is to 
better understand and to nurture the most promis-
ing types of institutional configurations. Whether, 
when, and how this can occur will depend in large 
part on whether government officials, international 
agencies, research units, and a range of other forest 
stakeholders make the collective decision to focus 
on nurturing stable, adaptive, and problem-focused 
institutional intersections.
The monitoring of the impacts of institutional in-
tersection and policy implementation is important to 
avoid their continuation through simple inertia, and 
to foster their adjustment, when required, utilizing an 
adaptive management approach. Attention must also 
be placed on the processes through which citizens, 
communities, and forest stakeholders come to pro-
vide long-term support for policies and institutions 
seeking to foster forestry development.
Inherent in appropriate institutional develop-
ment is creation of opportunities for the equitable 
participation of those whose behaviour is affected. 
496
FORESTS AND SOCIETY – RESPONDING TO GLOBAL DRIVERS OF CHANGE
24 THE NEED FOR NEw STRATEGIES AND APPROACHES 24 THE NEED FOR NEw STRATEGIES AND APPROACHES
The raising of awareness, capacity building, and 
empowerment of local people are paramount to 
achieving this participation. Furthermore, local in-
stitutional adaptation is needed to ensure that intro-
duced policies and institutions mesh well with local 
practices, customs and rules, and are not difficult to 
comprehend and absorb, and do not conflict with 
local moral-economic principles.
The need to work in an integrated way in an array 
of diverse disciplines and across different sectors, as 
well as the need to develop approaches to facilitate 
broad stakeholder participation, have resulted in the 
creation of different types of partnerships and col-
laborative platforms and networks. The existence 
of these collaborative platforms at different levels 
(international, national, and local) in which diverse 
stakeholder groups are well represented and free to 
discuss natural resource management and related 
goals, can foster stakeholder participation and par-
ticipatory policy making. At the local or landscape 
level, experiences with biological corridors in Costa 
Rica, and natural forest management in Honduras 
indicate that such platforms work if stakeholders 
within a landscape identify with common objectives. 
The National Forest Programs have been designed 
to encourage the creation and functionality of these 
types of platforms for guiding forestry development 
at the national level. However, few governments pos-
sess the experience, skills, financial resources, and 
willingness to nurture these platforms to facilitate 
broad participation. Nevertheless, the importance of 
these platforms is expected to increase over time, 
since the complexity of required tasks is clearly be-
yond the capacity of any one single organization.
There is synergistic potential between national 
governmental institutions that produce prescriptive 
requirements, and knowledge- and capacity-building 
institutions that can make meaningful contributions 
to their “on the ground” implementation through con-
structive engagement with forest officials, rural com-
munities, indigenous groups, etc. The harnessing of 
this potential is essential to ameliorate the perceived 
failures of many national policies, such as those re-
lated to forest tenure and benefit-sharing. Even if 
and when widespread stakeholder and societal sup-
port for forest law and governance can be achieved, 
successful implementation requires that countries 
also have the resources, training, and technological 
assistance for monitoring outputs and results on the 
ground. When these conditions exist, the institutional 
environment is more likely to embrace learning and 
adaptive management.
When two similarly effective instruments are be-
ing considered, the one most likely to garner support 
of those whose behaviour it seeks to address should 
be favoured. Experience has shown that establish-
ment of unlikely coalitions among stakeholders who 
support the same institutions but for very different 
reasons (“bootleggers and Baptists”) is appealing, 
since resulting institutions can be expected to be 
much more durable than those in which a key con-
stituency was vehemently opposed (e.g., US environ-
mental groups and the US forest products industry 
jointly lobbied Congress to amend the Lacey Act 
to limit the importing of illegally harvested wood 
products). Experience also indicates that promot-
ing incremental but unidirectional support may yield 
paradigmatic results, and reflects more accurately 
processes of effective institutional change in the 
“real world”.
Attention to these principles should encourage 
strategists to promote efforts that have, or might 
have, the support of domestic governments and a 
range of key stakeholders, including unlikely coali-
tions. This would also focus attention on developing 
the knowledge, training, and expertise sorely needed 
in developing countries where strong commitments 
have been made but in which compliance challenges 
continue to be immense.
An important role of governmental institutions 
is the explicit intent to contribute to the creation of 
an enabling environment that facilitates responsible 
forest management and conservation, and favours the 
development and consolidation of small and medium 
forest enterprises. As was pointed out in several chap-
ters, existing regulatory frameworks often discourage 
responsible stewardship of forests by converting for-
est management and the commercialization of forest 
products into unattractive alternatives. Governments 
can foster the creation of enabling environment by 
granting and enforcing legal access to forest resourc-
es, curbing illegal logging, simplifying bureaucratic 
procedures for small and medium forest enterprises, 
and by providing financial incentives for start-ups, to 
name some of the options. In many cases, the rules 
of the game have been developed for corporate ac-
tors, not small-scale community-based operations, 
indicating that adequate adjustment of standards and 
regulations are often wanting.
Another important element is the relatively 
stability of the policy and regulatory environment. 
Constantly changing policies create uncertainty and 
prevent investments in sustainable resource manage-
ment. This is accentuated by the long-term nature of 
wood production.
Institutions can, taken together, adapt to new and 
accelerating challenges. Such an approach requires a 
much greater integration of scholarly knowledge and 
practices. Nurturing durable, authoritative, and ap-
propriate governance institutions that are considered 
legitimate by all whose actions and livelihoods are 
affected by these institutions is fundamentally impor-
tant. But so, too, is ensuring that these governance 
institutions develop and adapt policies in ways that 
intersect in synergistic ways with knowledge and 
administrative institutions so that all stakeholders, 
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including local communities, possess the skills and 
knowledge necessary for enduring and meaningful 
“on the ground” impacts.
24.9 Climate Change and 
Forests:  a Source of 
opportunities and Risks
The global focus on climate change has brought for-
ests to the forefront in global policy processes and 
deliberations. Forests have a crucial role in climate 
change mitigation; they provide a unique opportunity 
for emission reductions at relatively low cost. Link-
ing forestry to climate change presents opportunities 
and challenges as various countries and stakeholders, 
motivated by a range of concerns and interests, at-
tempt to shape responses and policy options.
Recent research results indicate the need for ur-
gent action to help avoid deleterious and dangerous 
impacts of this global phenomenon. Even if effective 
mitigation efforts are achieved, forests will be affect-
ed by climate change and associated disturbances. As 
a result, the forest sector and forest-dependent people 
in both developed and developing countries will most 
likely be adversely affected. Adaptation to climate 
change represents a daunting new challenge for for-
est stakeholders and decision-makers that compound 
current economic, social, and political challenges. 
These new challenges are related to assessing vulner-
ability, identifying adaptation measures, and imple-
menting adaptation. At the same time, adaptation 
to climate change also represents opportunities for 
better management or conservation of forests be-
cause forests provide essential ecosystem services 
that contribute to reducing the vulnerability of the 
society beyond the forest.
Despite its importance, forest adaptation is far 
from being implemented and mainstreamed into 
decision making. Indeed, in many countries forest 
conversion is a more pressing issue than climate 
change. If non-climatic threats are not addressed, 
adaptation to climate change may become irrelevant. 
National policies should promote forest adaptation 
into the framework of sustainable forest management 
and promote inter-sectoral coordination to link forest 
and other sectors in adaptation policies. International 
policies also have a role to play by fostering the 
integration of processes related to forests, climate 
change adaptation and mitigation, and biodiversity 
conservation.
A first logical approach would be to utilize 
available funding to progress in sustainable forest 
management, a kind of precursor to management 
for forest adaptation. This approach indicates taking 
into account the lessons learned, building on success 
to date and fostering the intersection of policies and 
institutions that seem to hold the best promise. Under 
no circumstance should adaptation efforts and efforts 
to implement REDD+ initiatives start from scratch. 
In a parallel fashion, the principles of SFM should 
be developed to encompass elements that are crucial 
for enhancing forest adaptation and mitigation.
As we have seen, forests are affected by institu-
tions that operate on a regional, national and even 
a global level and this linkage to different scales 
will also apply to forest adaptation. Because of the 
susceptibility of forests to a wide range of policies 
and institutions and to extra-sectoral drivers, it is 
particularly important to aim for consistency among 
policies across different scales and sectors. Efforts 
to foster forest adaptation or even sustainable forest 
management are for naught, if other policies promote 
forest conversion to other land uses.
Industry, the private sector, and communities will 
all have to adapt to climate change, while having 
differing perceptions of the risks and levels of re-
sponsibility. Although motivations may vary, shared 
concerns for the impacts of climate change may cre-
ate opportunities to foster unlikely coalitions to ad-
dress this complex problem in a more comprehensive 
fashion.
Any efforts to construct a credible REDD+ 
scheme must incorporate long term efforts to cre-
ate and reform institutions, strengthen processes of 
governance, and build capacity to implement new 
models of forest management. REDD+, as a climate 
change mitigation instrument, will only progress at 
a pace that allows meaningful participation of all 
relevant stakeholders through consensus-building. 
When financial resources from REDD+ enter the 
markets, rights of local communities to forest land 
and carbon will need to be clarified and secured. 
While tenure reform has made strides in many coun-
tries, problems resulting from communities lacking 
land ownership and/or legal rights to manage and 
utilize natural resources continue to undermine at-
tempts to promote SFM and conservation in many 
regions of the world. Unless considerable progress is 
made in securing the rights of local people to access, 
manage, and benefit from forests (including emerg-
ing carbon markets and other funding schemes), it 
is unlikely that deforestation and illegal logging will 
be curbed. Governments will need to examine and 
reform their institutions and adopt new approaches to 
respond to these challenges. Of particular importance 
will be the explicit recognition of the role of forests 
in climate change mitigation, as an integral part of 
development plans and policies.
A serious constraint that will limit options, at 
least in the near term, is deficiencies in knowledge 
and research capacity. It is widely recognized that 
both science-based and local knowledge will need 
to be considered in managing forests for adaptation 
(vulnerability assessments should be participatory, 
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not just carried out by scientists), preferably utilizing 
an adaptive management approach. Since decision-
makers and scientists proposing policies for the im-
plementation of REDD+ are strongly endorsing an 
output-based approach linking funding opportunities 
to demonstrable results, research and monitoring will 
perhaps finally receive the attention they deserve.
The fact that many efforts to promote SFM have 
been far less successful than desired suggests that 
caution must be exercised in the use of REDD+ 
funding mechanisms. As one author points out, the 
widespread use of REDD+ incentives could be like 
throwing money into a black hole unless serious 
efforts are made to address many of the technical, 
socioeconomic, political and institutional issues dis-
cussed in this book. While high level decision-makers 
view forests as a relatively easy way for achieving 
reductions in carbon emissions, practitioners who 
have struggled to progress in SFM know how dif-
ficult it has been to implement SFM on a broader 
scale. Clearly, business as usual will not suffice to 
accomplish the desired results.
A crucial challenge for global initiatives is to 
ensure that an increasing proportion of financial 
resources becomes available for local initiatives 
in participating countries. For success, initiatives 
like REDD+ will have to gain ownership in less-
developed countries; in other words that they identify 
with and embrace the mechanisms envisioned and 
the “rules of the game”. Furthermore, efforts will 
be needed to reduce transaction costs and the role 
of intermediaries in the process.
24.10 The Need for New 
Professionals
The forestry profession has undergone, and will con-
tinue to undergo, a profound transformation. The 
complex challenges facing forests and society indi-
cate the need for new professionals with a broader, 
multidisciplinary understanding of the forestry sector 
and its role in meeting humanity´s needs for ecosys-
tem services, in fostering rural development, and in 
ameliorating the impacts of climate change.
The integration across different scales, disci-
plines, and sectors calls for skill sets not fostered 
in many existing forestry educational programs, al-
though changes are in evidence. New professionals 
need to be educated to understand the broad implica-
tions of the drivers of change and to be capable of 
taking part in and leading interdisciplinary efforts to 
promote and consolidate SFM. Professionals who de-
vote themselves to international processes and global 
policies must have an adequate understanding of the 
factors and conditions that are important for SFM. At 
the same time, professionals engaged with producers, 
including community-based forestry enterprises and 
indigenous groups, must understand the implications 
and opportunities of global dialogues in order to take 
advantage of the opportunities they create.
Although no professional can be expected to 
manage all the complex dimensions of forestry and 
its role in society, the new professional should have 
the capability of recognizing the importance of bring-
ing different competencies together to address prob-
lems in a more comprehensive fashion. They should 
also understand the need for and be able to facilitate 
wide participation both in relation to national level 
policy development and local level initiatives.
In the light of the “new” challenges, it is of im-
mense importance that new scientific and political 
find expression in forestry praxis and that timely 
feedback from the praxis be utilized to orient and en-
rich scientific and political forums. Concerted efforts 
must be made to put scientific findings into easily 
understood terms to facilitate their use in practical 
implementation.
 ‘New’ professionals must gain a broader under-
standing of forestry beyond that commonly obtained 
from traditional forestry education. Many of the chal-
lenges presented in this book characterize this grow-
ing need to better address complexity and diversity 
in forestry education. A more integral or holistic 
understanding of forestry should enable the “new” 
professionals to provide leadership in processes of 
institutional development and adaptation.
Finally, a major attribute of the “new” profession-
al will be his/her ability to access, process, and syn-
thesize information being generated in a continuous 
fashion. In a parallel fashion, the “new” professional 
should proactively provide feedback to information 
providers and keep them abreast of users’ evolving 
demands for information and methodologies.
24 THE NEED FOR NEw STRATEGIES AND APPROACHES
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1) SFM continues to be a strategic goal, encom-
passing social, economic, and environmental 
dimensions. Its implementation needs to be 
strengthened and more attention needs to be 
devoted to the decision-making processes, 
benefit-sharing, and environmental issues in-
volving a wide host of stakeholders, including 
actors outside the forest sector. Greater attention 
must also be devoted to effective policy and 
institutional configurations that favour progress 
towards SFM, to territorial approaches and to 
measures that enhance the adaptation of for-
ests and forest-dependent people to climate 
change.
2) Further the adoption of adaptive management 
approaches that integrate research and monitor-
ing of outcomes to improve the effectiveness of 
management interventions.
3) Expand the development and implementation 
of mechanisms to compensate those who pro-
vide ecosystem services to make sustainable 
management of forests a more attractive land 
use option.
4) Secure rights of local people to access, man-
age, and benefit from forests – including op-
portunities created by REDD+ and other fund-
ing schemes – for curbing deforestation and 
fostering SFM.
5) Increasing demand for forest products and for-
est-based biomass energy create new produc-
tion and employment opportunities. Capturing 
these opportunities requires inter-sectoral co-
ordination and landscape-scale planning and 
development approaches that simultaneously 
focus on different economic activities and so-
cial and environmental values.
6) For appropriate institutional development, in-
stitutional intersections within and between dif-
ferent levels (local, national and global) should 
be fostered. Special attention should be given to 
approaches in which central authorities, local 
governments, and capacity enhancing, educa-
tional, and training institutions intersect for pro-
ducing meaningful engagement, and progress 
towards strategic goals such as poverty allevia-
tion and SFM. Equitable participation of those 
whose behaviour is affected is also essential. 
Awareness raising, capacity building, and em-
powerment of local people are of paramount 
importance for enhancing participation.
7) Encourage international, national, and local 
partnerships, collaborative platforms and net-
works that can foster stakeholder participation 
and participatory policy making, and thus pro-
mote consensus building on common objectives 
and strategies.
8) Support efforts to integrate international pro-
cesses related to forests, biodiversity conserva-
tion, and climate change for creating synergies 
that can favour the success of these processes 
over time.
9) Educate new professionals with a broader, mul-
tidisciplinary understanding of the forestry sec-
tor and its role in meeting humanity’s needs for 
ecosystem services, in fostering rural develop-
ment and in ameliorating the impacts of climate 
change. The new professionals need to take part 
in and provide leadership to interdisciplinary 
efforts to promote and consolidate SFM.
10) Strengthen research to enhance the understand-
ing of the impacts of climate change on forests 
and forest dependent communities. Baseline 
data is needed to track changes in forest cover 
and quality and for monitoring national carbon 
balances over time. Additional research is also 
necessary to determine the influences of natural 
and planted forests on the hydrological cycle in 
areas with different climatic and topographic 
conditions. Special research attention needs to 
be focused on the complex interactions among 
the drivers of change and their collective im-
pacts on forests and society.
Key messages
According to the authors of this concluding chapter, the following issues are essential for responding to 
challenges brought about by changing natural and social circumstances as well as for capturing the op-
portunities they create:
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